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MAm>, AVKNV, AND lOMI'ANV, 



PREFACE. 



It has been the aim of the authors to give in 
this little book a brief, simple, and accurate account 
of the heavens as they are known to astronomers 
of the present day. It is believed that there is 
nothing in the book beyond the comprehension of 
readers of ordinary intelligence, and that it contains 
all the information on the subject of astronomy that 
is needful to a person of ordinary culture. The 
authors have carefully avoided dry and abstruse 
mathematical calculations, yet they have sought to 
nfake clear the methods by which astronomers have 
gained their knowledge of the heavens. The various 
kinds of telescopes and spectroscopes have been 
described, and their use in the study of the heavens 
has been fully explained. 




lieved that they excel in number, freshness, beauty, 
and accuracy those to be found in any similar work. 
The lithographic plates are, with a single exception, 
reductions of the plates prepared at the Observa- 
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tory at Cambridge, Mass. The remaining litho- 
graphic plate is a reduced copy of Professor Lang-' 
ley*s celebrated sun-spot engraving. Many of the 
views of the moon are from drawings made from 
the photographs in Carpenter and Nasmyth's work 
on the moon. The majority of the cuts illustrating 
the solar system are copied from the French edition 
of Guillemin's "Heavens." Most of the remainder 
are from Lockyer*s " Solar Physics," Young's '" Sun," 
and other recent authorities. The cuts illustrating 
comets, meteors, and nebulae, are nearly all taken 
from the French editions of Guillemin's ** Comets " 
and Guillemin's " Heavens." 
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I. 

THE CELESTIAL SPHERE. 

I . The Sphere. — A sphere is a solid figure bounded by 

• 

a surface which curves equally in all directions at every 
point. The rate at which the surface curves is called the 
curvature of the sphere. The smaller the sphere, the greater 
is its curvature. Every point on the surface of a sphere is 
equally distant from a point within, called the centre of 
the sphere. The circumference of a sphere is the distance 
around its centre. The diameter of a sphere is the dis- 
tance through its centre. The radius of a sphere is the 
distance from the surface to the centre. The surfaces of 
two spheres are to each other as the squares of their radii 
or diameters ; and the volumes of two spheres are to each 
other as the cubes of their radii or diameters. 

Distances on the surface of a sphere are usually denoted in 
degrees. A degree is ^^ of the circumference of the sphere. 
The larger a sphere, the longer are the degrees on it. 

A curve described about any point on the surface of a 
sphere, with a radius of uniform length, will be a circle. 
As the radius of a circle described on a sphere is a curved 
line, its length is usually denoted in degrees. The circle 
described on the surface of a sphere increases with the 
length of the radius, until the radius becomes 90°, in which 
case the circle is the largest that can possibly be described 
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on the sphere. The largest circles that can be described on 
the surface of a sphere are called great circles, and all other 
circles small circles. 

Any number of great circles may be described on the sur- 
face of a sphere, since any point on the sphere may be used 
for the centre of the circle. The plane of every great circle 
passes through the centre of the sphere, while the planes of 
all the small circles pass through the sphere away from the 
centre. All great circles on the same sphere are of the same 
size, while the small circles differ in size according to the dis- 
tance of their planes from the centre of the sphere. The far- 
ther the plane of a circle is from the centre of the sphere, the 
smaller is the circle. 

By a section of a sphere we usually mean the figure of the 
surface formed by the cutting ; by a plane section we mean one 

whose surface is plane. Every 

plane section of a sphere is 

Hj^ I \ N^ a circle. When the section 

passes through the centre of 
the sphere, it is a great 
circle; in every other case 

S|f^ \ ^ \ ^^K ^^ section is a small circle. 

Thus, A N and SB (Fig. i) 
are small circles, and MM' 
and 6'iVare large circles. 

In a diagram representing 
a sphere in section, all the 
circles whose planes cut the 
section are represented by 
straight lines. Thus, in Fig. 2, we have a diagram representing 
in section the sphere of Fig. i. The straight lines A N^ SB, 
M M\ and S N^ represent the corresponding circles of Fig. i. 

The axis of a sphere is the diameter on which it rotates. 
The poles of a sphere are the ends of its axis. Thus, sup- 
posing the spheres of Figs, i and 2 to rotate on the diame- 
ter PP ^ this line would be called the axis of the sphere, 
and the points -Pand F the poles of the sphere. A great 
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circle, MM\ situated half way between the poles of a 
sphere, is called the equator of the sphere. 

Every great circle of a sphere has two poles. These are 
the *two points on the sur- 
face of the sphere which lie 
90° away from the circle. 
The poles of a sphere are 
the poles of its equator. 

2. The Celestial Sphere. 
— The heavens appear to 
have the form of a sphere, 
whose centre is at the eye 
of the observer ; and all the 
stars seem to lie on the sur- 
face- of this sphere. This 
form of the heavens is a 
mere matter of perspective. The stars are really at Very 
unequal distances from us ; but they are all seen project- 
ed upon the celestial 
sphere in the direc- 
tion in which they 
happen to lie. Thus, 
suppose an observer 
situated at C (Fig. 3), 
stars situated at a, b^ 
d, e, /, and g, would 
be projected upon the 
sphere at A, B, D, E, 
F, and Gy and would 
appear to lie on the 
surface of the heav- 
ens. 

3. The Horizon. — 
Only half of the celestial sphere is visible at a time. The 
plane that separates the visible from the invisible portion is 
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Fig. 4. 



called the horizon, I'his plane is tangent to the earth at 
the point of observation, and extends indefinitely into space 
in every direction. In Fig. 4, E represents the earth, O the 

point of observation, and SN 
the horizon. The points on 
the celestial sphere directly 
above and l)elow the observer 
are the poles of the horizon. 
They are called respectively 
the zenith and the nadir. No 
two observers in different 
parts of the earth have the 
same horizon ; and as a per- 
son moves over the earth he 
carries his horizon with him. 
The dome of the heavens appears to rest on the earth, 
as shown in Fig. 5. This is because distant objects on 
the earth appear pro- 
jected against the 
heavens in the di- 
rection of the hori- 
zon. 

The sensible hori- 
zon is a plane tan- 
gent to the earth 
at the point of ob- 
servation. The ra- 
tional horizon is a 
plane parallel with 
the sensible horizon, 
and passing through 
the centre of the 
earth. As it cuts the celestial sphere through the cen- 
tre, it forms a great circle. SN (Fig. 6) represents 
the sensible horizon, and 3^ N^ the rational horizon. 




Fig. 5. 
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Although these two horizons are really four thousand miles 
apart, they appear to meet at the distance of the celestial 
sphere ; a line four thousand miles long at the distance of 
the celestial sphere becom- 
ing a mere point, far too 
small to be detected with 
the most powerful tele- 
scope, ^j 

4. Rotation of the Celes- 
tial Sphere. — It is well 
known that the sun and the 
majority of the stars rise in 
the east, and set in the west. 
In our latitude there are 
certain stars in the north which never disappear below the 
horizon. These stars are called the circutnpolar stars. A 
close watch, however, reveals the fact that these all appear 
to revolve around one of their number called the pole star, 

in the direction indi- 
cated by the arrows in 
Fig. 7. In a word, the 
whole heavens appear 
to rotate once a day, 
from east to west, 
about an axis, which 
is the prolongation of 
the axis of the earth. 
The ends of this axis 
are called the poles 
of the heavens ; and 
Fig- 7- the great circle of the 

heavens, midway between these poles, is called the celestial 
equator, or the equinoctial This rotation of the heavens 
is apparent only, being due to the rotation of the earth 
from west to east. 
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5. Diurnal Circles. — In this rotation of the heavens, the 
stars appear to describe circles which are perpendicular to 
and parallel with the celestiaJ equator, 
called diurnal circles. The position of 
the poles in the heavens 
and the direction of the 
diurnal circles with reference 
to the horizon, change with 
the position of the observer 
|ll on llie earth. This is owing 
to the fact that the horizon 
changes with the position of 
the observer. 

When the observer is north 
of the equator, the north 
pole of the heavens is ele- 
vated above the horizon, and the soulh pole is depressed 
below it, and the diurnal circles are oblique 10 the horizon, 
leaning to the south. This 
which P P" representi the 
celestial axis, E Q the celes- 
tial equator, ^A'the horizon, 
and al; cN, de, Jg. Sh, 
kl, diurnal circles. O is the 
point of observation, Z the S 
zenith, and Z' the nadir. 

When the observer is south 
of the equator, as at in 
Fig. 9, the south pole is 
elevated, the north pole de- 
pressed, and the diurnal cir- 
cles are oblique to the horizon, leaning to the north. When 
ihe diurnal circles are oblique to the horizon, as in Figs. 3 
and 9. the celestial sphere is called an oblique sphere. 

When ihe obser\'er is at the equator, as in Fig. 10, the 
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poles of the heavens are on the horizon, and the diurnal 
circles are perpendicular to the horizon. 



of the poles, as in Fig. i 




When the observer 
the poles of the heavens 
are in the zenith and the 
nadir, and the dJuma] cir- 
cles are parallel with the 
horizon. 

6. Elevation of the 
and of the Eguinoetial — 
At the equator the poles 
of the heavens lie on the 
horizon, and the celestial 
equator passes through the 
zenith. As a person moves 
north from the equator, his 
zenith moves north from the celestial equator, and his hori- 
zon moves down from the north pole, and up from the south 
pole. The distance of the zenith from the equinoctial, and 
^ of the horizon from the celes- 

tial poles, will always be equal 
to the distance of the observ- 
er from the equator. In other 
words, the elevation of the 
J pole is equal to the latitude 
! of the place. In Fig. 1 2, O 
1 the point of observation, 
Z the zenith, and SN the 
horizon. N P, the elevation 
of the pole, is equal to Z£, 
the distance of the zenith 
from the equinoctial, and to 
the distance of O from the equator, or the latitude of the 
place. 
Two angles, or two arcs, which together equal 90°, are 
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said to be complements of each other. ZE and ES m 
Fig. 1 2 are together equal to 90° : hence they are comple- 
ments of each other. ZE is equal to the latitude of the 

place, and E S \% the eleva- 
tion of the equinoctial above 
the horizon : hence the ele- 
vation of the equinoctial is 
equal to the complement of 
the latitude of the place. 

Were the observer south 
of Uie equator, the zenith 
would be south of the equi- 
noctial, and the south pole 
of the heavens would be the 
elevated pole. 

7. Eour Sets of Stars, — At most points of observation 
there are four sets of stars. These four sets are shown in 

Fig. 13- 

(i) The stars in 

the neighborhood of 
the elevated pole 
never set. It will 
be seen from Fig. 
13, that if the dis- 
tance of a star from 
the elevated pole 
does not exceed the 
elevation of the pole, 
or the latitude of 
the place, its diurnal 
circle will be wholly 
above the horizon. 
As the obser\'er approaches the equator, the elevation of 
the pole becomes less and less, and the belt of circumpolar 
stars becomes narrower and narrower : at the equator it 
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disappears entirely. As the observer approaches the pole, 
the elevation of the pole increases, and the belt of circum- 
polar stars becomes broader and broader, until at the pole 
it includes half of the heavens. At the poles, no stars rise 
or set, and only half of the stars are ever seen at all. 

(2) The stars in the neighborhood of the depressed pole 
never rise. The breadth of this belt also increases as the 
observer approaches the pole, and decreases as he approaches 
the equator, to vanish entirely when he reaches the equator. 
ITie distance from the depressed pole to the margin of this 
belt is always equal to the latitude of the place. 

(3) The stars in the neighborhood of the equinoctial, .on 
the side of the elevated pole, set^ but are above the horizon 
longer than they are below it. This belt of stars extends 
from the equinoctial to a point whose distance from the 
elevated pole is equal to the latitude of the place : in other 
words, the breadth of this third belt of stars is equal to 
the complement of the latitude of the place. Hence this 
belt of stars becomes broader and broader as the observer 
approaches the equator, and narrower and narrower as he 
approaches the pole. However, as the observer approaches 
the equator, the horizon comes nearer and nearer the celes- 
tial axis, and the time a star is below the horizon becomes 
more nearly equal to the time it is above it. As the observ- 
er approaches the pole, the horizon moves farther and far- 
ther from the axis, and the time any star of this belt is 
below the horizon becomes more and more unequal to the 
time it is above it. The farther any star of this belt is from 
the equinoctial, the longer the time it is above the horizon, 
and the shorter the time it is below it. 

(4) The stars which are in the neighborhood of the 
equinoctial, on the side of the depressed pole, rise^ but are 
below the horizon longer than they are above it. The width 
of this belt is also equal to the complement of the latitude 
of the place. The farther any star of this belt is from the 
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equinoctial, the longer lime it is below the horizon, and the 
shorter lime it is above it ; and, the farther the place from 
the equator, the longer every star of this belt is below the 
horizon, and the shorter the time it is above it. 

At the equator every star 
is above the horizon just 
half of the time; and any 
star on the equinoctial is 
above the horizon just half 
of ihe time in every part of 
the earth, since the equinoc- 
tial and horizon, being great 
circles, bisect each other. 

8. Vertical Circles. — 
Great circles perpendicular 
I'ie- u. to the horizon are called ver- 

tical circles. All vertical circles pass through the zenith and 
nadir. A number of these circles are shown in Fig. 14, 
in which SEN fFrepresents the horizoD, and Z the zenith. 

The vertical circle which z 

passes through the north and 
south points of the horizon 
is called the meridian; and 
the one which passes through 
the east and west points, the jL 
prime verHcal. These two 
circles are shown in Fig. 15 ; 
SZN being the meridian, 
and £ Z IV the prime verti- 
cal. These two circles are 
at right angles to each other, Fig, ij. 

or 90° apart ; and consequendy they diviile the horizon into 
four quadrants. 

g. Altitude and Zenith Distance. — The altitii-if nf a 
heavenly body is its distance above the horizon, and its 




13" 



unitk distance is its distance from the zenith. Both the 
altituile and the zenith distance of a body are measured on 
the vertical circie which passes through the body. The alti- 
tude and zenith distance of a heavenly body are comple-J 
menls of each other. 

10. Asimuth and AmplituiU. — ^siVntf/^ is distance meas^l 
ured east or west from the meridian. When a heavenl^B 
body lies north of the prime vertical, its azimuth is meas-.| 
nred from the meridian on the north ; and, when i 
south of the prime vertical, its azimuth is measured from ihej 
ineridian on the south. The azimuth of a body can, there-] 
fore, never eifteed go°. The azimuth of a body is tin 
which the plane of the vertical circle passing through id 
makes with that of the meridian. 

The amplitutle of a body is its distance measured i 
or south from the prime vertical. The amplitude and aa-l 
muth of a body are complements of each other, 

11. AU-atimutk Instrument.^ kx\ instrument for meas- " 
uring the altitude and azimuth of a heavenly body is called 
an alt-azimuth instrument. One form of this instniment is 
shown in Fig, i6. It consists essentially of a telescope 
mounted on a vertical circle, and capable of turning on a 
horizontal axis, which, in turn, is mounted on the vertical 
axis of a horizontal circle. Both the horizontal and the 
vertical circles are graduated, and the horizontal circle is 
placed exactly parallel with the plane of the horizon. 

When the instrument is properiy adjusted, the axis of the 
telescope will descril>e a vertical circle when the telescope 
is turned on the horizontal axis, no matter to what part of 
the heavens it has been pointed. 

The horizontal and vertical axes carry each a pointer. 
These pointers move over the graduated circles, and mark 
how far each axis turns. 

To find the azimuth of a star, the instrument is tamed 
on its vertical axis till its vertical circle is brought into the 
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plane of the meritiian. and the reading of the horizontal' 
circle noted, I'he telescope is then directed to the star by 
Inmint; it on both its verticnl ;iii<l horizontal : 




The 



reading of the horizontal circle is again noted. The differ- 
snce between these iwo readings of the horizontal circle 
will be [lie azimurh of the star. 
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To find the altitude of a star, the reading of the vertical 
circle is first ascertained when the telescope is pointed hori- 
zontally, and again when the telescope is pointed at the star. 
The difference between these two readings of the vertical 
cirde will be the altitude of the star. 

12. The Vernier, — To enable the observer to read the 
fractions of the divisions on the circles, a device called a 
vernier is often employed. It consists of a short, graduated 
arc, attached to the end of an arm c (Fig. 17), which is 
carried by the axis, and turns with the telescope. This arc 
is of the length of tiine divisions on the circle, and it is 
divided into ten equal parts. If o of the vernier coincides 
with any division, say 6, of the circle, i of the vernier will 
be ^ of a division to 

the left of 7, 2 will be ^<rTS^^ *^Jl?-?.iTi !irTJr i lff fe;r>J^ 
-]^ of a division to the 
left of 8, 3 will be -^^ 
of a division to the left 
of 9, etc. Hence, when 
I coincides with 7, o 
will be at 6^ ; when 2 
coincides with 8, o will 
be at 6^(y ; when 3 coincides with 9, o will be at 6f\y, etc. 

To ascertain the reading of the circle by means of the 
vernier, we first notice the zero line. If it exactly coin- 
cides with any division of the circle, the number of that 
division will be the reading of the circle. If there is not 
an exact coincidence of the zero line with any division of 
the circle, we run the eye along the vernier, and note which 
of its divisions does coincide with a division of the circle. 
The reading of the circle will then be the number of the 
first division on the circle behind the o of the vernier, and 
a number of tenths equal to the number of the division of 
the vernier, which coincides with a division of the circle. 
For instance, suppose o of the vernier beyond 6 of the 
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circle, and 7 of the vernier to coincide with 13 of the 
circle. The reading of the circle will then be 6^. 

13. Hour Circles. — Great circles perpendicular to the 
celestial equator are called hour circles. These circles all 

pass through the poles of 
the heavens, as shown in 
Fig. 18. EQ'\% the celes- 
tial equator, and P and 
P' are the poles of the 
heavens. 

The point A on the 
equinoctial (Fig. 19) is 
called the vernal equinox, 
or the first point of Aries. 
The hour circle, A PP, 
which passes through it, is 
called the equinoctial colure. 

14. Dectination and Right Ascension.— l\\t dedinaHon 
of a heavenly body is its distance north or south of the 
celestial equator. The/ti/dr 
distance of a heavenly body 
is its distance from the nearer 
pole. Declination and polar 
distance are measured on 
hour circles, and for the s; 
heavenly body ihey are com- 
plements of each other. 

The right ascension of a 
heavenly body is its distance 
eastward from the first point 
uf Aries, measured from the 

equinoctial colure. It is equal to the arc of the celestial 
equator included between the first point of Aries and the 
hour circle which passes through the heavenly body. As 
right ascension is measured eastward entirely around the 
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celestial sphere, it may have any value from o" up to 360°. 
Right ascension corresponds to longitude on the earth, and 
dedination to latitude. 

15. The Meridian Circle. — The right ascension and 
declination of a heavenly body are ascertained by means of 
an instrument called the meridian circle, or transit instru- 
ment. A side-view of this instrument is shown in Fig. 20. 




It consists essentially of a telescope mounted between two 
piers, so as to turn in ihe plane of the meridian, and carry- 
ing a graduated circle. The readings of lliis circle are 
ascertained by means of fixed microscopes, under which it 
turns. A heavenly body can be observed with this instru- 
ment, only when it is crossing the meridian. For this reason 
it is often called the transit circle. 

To find the declination of a star with ihis instrument, we 
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first ascertain the reading of the circle when the telescope 
is pointed to the pole, and then the reading of the circle 
when pointed to the star on its passage across the meridian. 
The difference between these two readings will be the polar 
distance of the star, and the complement of them the decli- 
nation of the star. 

To ascertain the reading of the circle when the telescope 
is pointed to the pole, we must select one of the circum- 
polar stars near the pole, and then point the telescope to 
it when it crosses the meridian, both above and below the 
pole, and note the reading of the circle in each case. The 
mean of these twq readings will be the reading of the circle 
when the telescope is pointed to the pole. 

1 6. Astronomical Clock, — An astronomical clock, ox si- 
dereal clock as it is often called, is a clock arranged so as 
to mark hours from i to 24, instead of from i to 12, as in 
thfc case of an ordinary clock, and so adjusted as to mark 
o when the vernal equinox, or first point of Aries, is on the 
meridian. 

As the first point of Aries makes a complete circuit of 
the heavens in twenty-four hours, it must move at the rate 
of 15® an hour, or of 1° in four minutes : hence, when the 
astronomical clock marks i, the first point of Aries must be 
15® west of the meridian, and when it marks 2, 30° west of 
the meridian, etc. That is to say, by observing an accurate 
astronomical clock, one can always tell how far the meridian 
at any time is from the first point of Aries. 

17. How to find Right Ascension with the Meridian 
Circle. — To find the right ascension of a heavenly body, 
we have merely to ascertain the exact time, by the astro- 
nomical clock, at which the body crosses the meridian. If 
a star crosses the meridian at i hour 16 minutes by the 
astronomical clock, its right ascension must be 19°; if at 
20 hours, its right ascension must be 300°. 

To enable the observer to ascertain with great exactness 
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the time at which i siti crosses the 
equidistant and parallel spider 
lines are stretched across ihe 
focus of the telescope, as shown m 
Fig. 21. The observer notes, the 
time when ihe star crosses each 
spider-line ; and the mean of tU 
of these times will be the lime 
when Ihe star crosses the mcndi 
an. The mean of se\eril obser 
rations is likely to be more nearly 
exact than anj imgle obser\ation 
i8. T/ie Etiuatonal TtU^top. 
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-The equatorial tele- 
scope is mounted on 
two axes, — one par- 
allel with the axis of 
the earth and the 
other at right angles 
to this and therefore 
parallel with the plane 
of the earth's equator. 
The former is called 
he polar axis, and 
he latter the declina- 
on axis. Each axis 
arries a graduated 
cle. These circlcH 
a e called respective- 
1 the Aaur circle and 
1 e declination circle. 
The telescope is at- 
tached directly to 
Ihe declination axis. 
AVhen the telescope is 
med on its polar axis, 
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the line of sight will describe a diurnal circle ; so that, when 
the tube is once directed to a star, it can be made to fol- 
low the star by simply turning the telescope on its polar axis. 

In the case of large instruments of this class, the polar 
xins is usually turned by clock-work at the rate at which the 
heavens rotate ; so that, when the telescope has once been 
pointed to a planet or olher heavenly body, it will continue to 
follow the body and keep it steadily in the tield of view without 
further trouble on the part of the observer. 

The great Washington Equatorial is shown in Fig. 22. Its 
object-glass is z6 inches in diameter, and its focal length is 
324 feet. It was conslrucled by Alvan Clark & Sons of Cam- 
bridge, Mass. It is one of the three largest refracting tele- 
scopes at present in use. The Newall refractor at Gateshead, 
Eng., has an objective 25 inches in diameter, and a focal length 
of 29 feet. The great refractor at Vienna has an objective 
27 inches in diameter. There are several large refractors now 
in process of construction. 

19, T^f Wire Micrometer. — Large arcs in the heavens 
are measured by means of the graduated circles attached lo 
the axes of the 
telescopes ; but 
^y small arcs within 
the field of view 
of the telescope 
are measured by means of instruments called micrometers, 
mounted in the focus of the telescope. One of the most 
convenient of these micrometers is that known as the wire 
micrometer, and shown in Fig. 23. 

The frame A A covers two slides, C and D. These slides 
are moved by the screws F and G. The wires E and B 
are stretched across the ends of the slides so as !o he 
parallel to each other. On turning ihe screws F and G 
one way, these wires are carried apart ; and on turning them 
the other way they are brought together again. Sometimes 
two parallel wires, x and y, shown in the diagram at the 
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right, are stretched across the frame at right angles to the 
wires Ey B, We may call the wires x and y the longitudi- 
nal wires of the micrometer, and E and B the transverse 
wires. Many instruments have only one longitudinal wire, 
which is stretched across the middle of the focus. The 
longitudinal wires are just in front of the transverse wires, 
but do not touch them. 

To find the distance between any two points in the field 
of view with a micrometer, with a single longitudinal wire, 
turn the frame till the longitudinal wire passes through the 
two points ; then set the wires E and B one on each 
point, turn one of the screws, known as the micrometer 
screw, till the two wires are brought together, and note the 
number of times the screw is turned. Having previously 
ascertained over what arc one turn of the screw will move 
the wire, the number of turns will enable us to find the 
length of the arc between the two points. 

The threads of the micrometer screw are cut with great 
accuracy ; and the screw is provided with a large head, which 
is divided into a hundred or more equal parts. 

These divisions, by means of a fixed pointer, enable us to 
ascertain what fraction of a turn the screw has made over 
and above its complete revolutions. 

20. Reflecting Telescopes. — It is possible to construct 
mirrors of much larger size tlian lenses : hence reflecting 
telescopes have an advantage over refracting telescopes as 
regards size of aperture and of light-gathering power. They 
are, however, inferior as regards definition ; and, in order 
to prevent flexure, it is necessary to give the speculum, or 
mirror, a massiveness which makes the telescope unwieldy. 
It is also necessary frequently to repolish the speculum ; 
and this is an operation of great delicacy, as the slightest 
change in the form of the surface impairs the definition of 
the image. These defects have been remedied, to a certain 
extent, by the introduction of silver-on-glass mirrors ; that is, 
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glass mirrors covered in front willi a thin coating of silvel^ 
Glass is only one-tliird as heavy as speculum- metal, and sil- 
ver is much superior to tliat metal in reflecting power ; ajid 
when the silver becomes tarnislied, it can be removed and 
renewed without danger of changing the form of the glass. 

The Merschelian Reflector. — In this form of telescope the 
mirror is slightly tipped, so that the image, instead of being 
formed in the centre of the tube, is formed near one side 
of it, as in Fig. 24. The observer can then view it with- 
out putting his head inside the tube, and therefore without 
cutting off any material portion of the light. In observa- 
tion, he must stand at the upper or outer end of the tube, 
and look into it, his back being turned towards the objec 
From his looking 
directly into the 
mirror, it is a 
sometimes called 
the front -vie 
telescope. The 
great disadvan- 
tage of this ar- 
rangement is, that tiie rays c 
focus when they are thrown s 
and the injury to the definition is so gri 
view plan is now entirely abandoned. 

Thf Navtiinian Reflector. —Vae^ plat 
Isaac Newton was to place a small plane 1 
the focus, inchned to the telescope i 
as lo throw the rays to the side of the tube, where they 
come to a focus, and form the image. An opening is made 
in the side of the lube, just below where the image is 
formed ; and in this opening the eye-piece is inserted. The 
small mirror cuts off some of the light, but not enough to 
be a serious defect. An impro\'emenI which lessens this 
defect iias been made by Professor Henry Draper. The 




I be brought to an exact 
to one side of the axis, 
so great that the fronl- 



I proposed by Sir 

n-or just inside 

1 angle of 45°, 
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inclined mirror is replaced by a small rectangular prism 

(Fig. 25), by reflection from which the image is formed \ 

very near the prism. A pair of lenses are then inserted in< I 

tlie course of the rays, by which a second image is formed j 

at the opening in the side of the tube ; and this second | 
image is viewed by an ordinary eye-piece. 

T/ie Gregorian Rejieclor. — This is a form proposed by J 




James Gregory, who probably preceded Newton as an 
ventor of the reflecting telescope. Behind the focus, F 
(Fig. 26), a small concave mirror, R, is placed, liy which 
the light is reilected back again down the tube. Tlie larger 
mirror, M, has an opening through its centre ; and the small 
mirror, R, is so adjuste<i as to form a second image of the 
object in this opening. This image is then viewed by an 
eye-piece whicJi is screwed into the opening. 



The Cassirgrainian Reflector. ~~\r principle this is the j 
same with the Gregorian ; but the small mirror, R, is con- 
vex, and is placed inside the focus, F, so that the rays are 
reflected from it before reaching the focus, and no image 
is formed until they reach the opening in the large mirror. 
This form has an advantage over the Gregorian, in that the 
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telescope may be made shorter, and the small mi 
be more easily shaped to the required figure. It has, there- 
fore, entirely superseded the original Gregorian form. 




Optically these forms of telescope are nilerior to the 
Newtonnn , but the latter is subject to the mconvenience, 
that the observer must be stationed at tht upper end of 
the telescope where he looks mto an eye piece screwed 
into the side of the tul e 
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(.)n the other hand, the C'assegrainian Telescope is pointed J 
directly at the object lo be viewed, like a refractor; and the < 
observer stands al the lower end, and looks in at the open- 
ing through ilie large mirror. This is. therefore, the most ] 
convenient fomi of all in management. 




jest refleefing telescope yet constructed is that of 
T-ord Ros-'iC, at Parsonstown, Ireland. Its speculum is 6 feet 
i its focal length 55 feeL It is commonly used 
as a Newtonian. This telescope is shown in Fig. 27. 

The great telescope of the Melbourne Observatory, Austra- 
lia, is a Cassegranian reflector. Its speculum is 4 feet 1 
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diameter, and its focal Icngtl) is 32 feet. It h shown i 
Fig. 23. 

The sreal reHpc or nf ll e Pi bservilorj s a Nt ■ 




reflector. Its mirror of silvered glass is 4 feet in diameter, 
and its focal length is 23 feel. This telescope is shown 
Fig. 29. 

3T. The Sun's Motion aman^ the Stars. — If we notice 
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the stars at the same hour night after night, we shall find 
that the constellations are steadily advancing towards the 
west. New constellations are continually appearing in the 
east, and old ones disappearing in the west. This continual 
advancing of the heavens towards the west is due to the fact 
that the sun's place among the stars is continually moving 
towards the east. The sun completes the circuit of the 
heavens in a year, and is therefore moving eastward at the 
rate of about a degree a day. 

Tips motion of the sun's place among the stars is due 
to the revolution of 
the earth around the 
sun, and not to any 
real motion of the 
sun. In Fig. 30 sup- 
pose the inner circle 
to represent the orbit 
of the earth around 
the sun, and the outer 
circle to represent the 
celestial sphere. When 
the earth is at E^ the 
sun's place on the 
celestial sphere is at 
S' , As the earth moves in the direction E F, the sun's 
place on the celestial sphere must move in the direction 
S' T: hence the revolution of the earth around the sun 
would cause the sun's place among the stars to move around 
the heavens in the same direction that the earth is moving 
around the sun. 

22. The Ecliptic. — The circle described by the sun in 
its apparent motion around the heavens is called the ecliptic. 
The plane of this circle passes through the centre of the 
earth, and therefore through the centre of the celestial 
sphere ; the earth being so small, compared with the celes- 




Fig. 30. 
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tinl kjihcrc, Ihiit il pracijcally makes no dUference 
we cDndidiT a jwint on its mirfacc, or one at iis o 
the ircnifC of the celestial siihere. The ecliptlr is, therefc 
ix great ciri.'le. 

Tlic earth's orbil lies in the plaiic of ilic ecliptic 
cvlendi only an inappreciable distance from the sun 
the celestial sphere. 

■3. Thf Obliqtiily of 
L RcUfitii. — The ecliptic is 
I clined to the celestial equi 
I by an an^le of abotit ijj^" 
This inclination is called 
ohliijmih k/ the etUptie. The 
''■■ *'■ ol)li(]nity of the ecliptic is due 

lu the dc^'iation of the earth's axis from a perpendicular to 
the i>Une of its orbit. 'I"hc axis of a rotating body tends 
lo maintain tlw -i-asnt direction ; and, as the earth revohes 
tuudoil the sun, )» axis points ali the lime in nearly the 
uiiK ilirei'tion. The earth's axis deviates about 23}° isstati 
titc larriicntlirubr lo its orbit ; and. as the earth's equator 




«i rifht anjfhM to its axis, it 
w>U d<^T4W alKKit i^Y "^'" 
ilw )iUne ".if tl*c fxliink 
I'V cetcstutl «|UAtor bis the 
sanw dtrectioH as the tetws- 
tna) e^uaiM. :iin>:« the a\i> 
1^' the hettvm^ Kts the same 
ifavctMn «$ the axis of tbc 

SH(!(wsc i1« ^abe at dv cvnmaf i^Tnb (T^. 31) to 
wp< t»H M dw s«b «ad tl« aaaBcr globes Mt m»uti« die 

wttvt «4I tlK» w prf JMt dK (Ave «f tfar ec^tic. aad 
Ac lod im yt Om g feoM (ke top «f dw ewdi wfl Kfwjtm 
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same direction, or to lean the same way. The leaning 'of 

the axis from the perpendicular to the surface of the water 

would cause the earth's equator to be inclined the same 

amount to the surface of the water, half of the equator being 

above, and half of it below, 

the surface. Were the axis 

of the earth perpendicular 

to the surface of the water, 

the earth's equator would 

coincide with the surface^ as 

is evident from Fig. 32. 

24. The Equinoxes and 
Solstices. — The ecliptic and 
celestial equator, being great 
circles, bisect each other. 
Half of the ecliptic is north, 
and half of it is south, of the equator. The points at which 
the two circles cross are called the equinoxes. The one at 
which the sun crosses the equator from south to north is 
called the vernal equinox, and the one at which it crosses 

from north to south the 
autumnal equinox. The 
points on the ecliptic mid- 
way between the equinoxes 
are called the solstices. The 
|N one north of the equator is 
called the summer solstice, 
and the one south of the 
equator the winter solstice. 
In Fig. 33, ^ ^ is the celes- 
tial equator, Ec E' c' the 
ecliptic, Fthe vernal equinox, A the autumnal equinox, E c 
the winter solstice, and E' c' the summer solstice. 

25. The Inclination of the Ecliptic to the Horizon, — 
Since the celestial equator is perpendicular to the axis of 




Fig- 34. 
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the heavens, it makes the same angle with it on every side : 
hence, at any place, the equator makes always the same 
angle with the horizon, whatever part of it is above the hori- 
zon. But, as the ecliptic is oblique to the equator, it makes 
different angles with the celestial axis on different sides; 
and hence, at any place, the angle which the ecliptic makes 
with the horizon varies according to the part which is above 
the horizon. The two extreme angles for a place more than 
23^^° north of the equator are shown in Figs. 34 and 35. 

The least angle is formed when the vernal equinox is on 
the eastern horizon, the autumnal on the western horizon, 
and the winter solstice on the meridian, as in Fig. 34. The 

angle which the ecliptic then 
makes with the horizon is 
equal to the elevation of the 
equinoctial minus 23^°. In 
the latitude of New York this 
angle = 49° - 23^° = 25^°. 
The greatest angle is 
formed when the autumnal 
equinox is on the eastern 
horizon, the vernal on the 
western horizon, and the 
summer solstice is on the meridian (Fig. 35). The angle 
between the ecliptic and the horizon is then equal to the 
elevation of the equinoctial phis 23^°. In the latitude of 
New York this angle = 49° -f 23^° = 72^°. 

Of course the equinoxes, the solstices, and all other points 
on the ecliptic, describe diurnal circles, like every other 
point in the heavens : hence, in our latitude, these points 
rise and set every day. 

26. Celestial Latitude ami Longitude. — Celestial lati- 
tude is distance measured north or south from the ecliptic ; 
and celestial longitude is distance measured on the ecliptic 
eastward from the vernal equinox, or the first point of 
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Aries. Great circles perpendicular to the ecliptic are called 
celestial meridians. These circles all pass through the 
poles of the ecliptic, which are some 23^-° from the poles of 
the equinoctial. The latitude of a heavenly body is meas- 
ured by the arc of a celestial meridian included between 
the body and the ecliptic. The longitude of a heavenly 
body is measured by the arc of the ecliptic included be- 
tween the first point of Aries and the meridian which passes 
through the body. There are, of course, always two arcs 
included between the first point of Aries and the meridian, 
— one on the east, and the other on the west, of the first 
point of Aries. The one on the cast is always taken as 
the measure of the longitude. 

27. The Precession of the 
Equinoxes. — The equinoc- 
tial points have a slow west- 
ward motion along the eclip- 
tic. This motion is at the 
rate of about 50'' a year, and 
would cause the equinoxes 
to make a complete circuit 
of the heavens in a period 
of about twenty-six thousand 
years. It is called the precession of the equinoxes. This 
westward motion of the equinoxes is due to the fact that 
the axis of the earth has a slow gyratory motion, like the 
handle of a spinning-top which has begun to wabble a little. 
This gyratory motion causes the axis of the heavens to 
describe a cone in about twenty-six thousand years, and the 
pole of the heavens to describe a circle about the pole of 
the ecliptic in the same time. The radius of this circle 
is 231°. 

28. Illustration of Precession. — The precession of the 
equinoxes may be illustrated by means of tlie apparatus shown 
in Fig. 36. The horizontal and stationary ring EC represents^ 
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the ecliptic; the oblique ring E^ Q represents the equator: 
V and A represent the equinoctial point, and E and C the 
Aolstitial points; B represents ihe pole of the ecliptic, Z' the 
pole of the equator, and P O the celestial axis. The ring E Q 
is supported on a pivot at O; and the rod B P^ which connects 
B and P^ is jointed at each end so as to admit of the move- 
ment of P and B. 

On carrying P around B, we shall see that E Q will always 
preserve the same obliquity Xo E C, and that the points Fand A 
will move around the circle E C. The same will also be true 
of the points E and C, 

29. Effects of Precession. — One effect of precession, as 
has already l)een stated, is the revolution of the pole of the 
heavens around the pole of the ecliptic in a period of about 
twenty-six thousand years. The circle described by the 
pole of the heavens, and the position of the pole at various 
dates, are shown in Fig. 37, where o indicates the position 
of the pole at the birth of Christ. The numbers round 
the circle to the left of o are dates .A.l).. and those to the 
right of o are dates B.C. It will be seen that the star at 
the end of the Little Bear's tail, which is now near the 
north pole, will be exactly at the pole about the year 2000. 
It will then recede farther and farther from the pole till the 
year 15000 A.l)., when it will be about forty-seven degrees 
away from the pole. It will be noticed that one of the stars 
of the l)ragon was the pole star about 2800 years B.C. 
There arc reasons to suppose that this was about the time 
of the building of the Great P)Tamid. 

A second effect of precession is the shifting of the signs 
along the zodiac. The zodiac is a belt of the heavens 
along the eclij)lic, extending eight degrees from it on each 
side. This l>elt is occupied by twelve constellations, known 
as the zodiacal constellations. They are Aries, Taurus, 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, 
CapHcomus, Aquarius, and Pisces. The zodiac is also 
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divided into twelve equal parts of thirty degrees each, called 
signs. These signs have the same names as the twelve 
zodiacal constellations, and when they were first named, 
each sign occupied the same part of the zodiac as the cor- 
responding constellation ; that is to say, the si^n Aries was 
in the constellation Aries, and the sign Taurus in the con- 
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Fig. 37- 

stellation Taurus, etc. Now the signs are always reckoned 
as beginning at the vernal equinox, which is continually 
shifting along the ecliptic ; so that the signs are continually 
moving along the zodiac, while the constellations remain 
stationary : hence it has come about that the first point of 
Aries (the sign) is no longer in the constellation Aries, but 
in Pisces. 
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Fig. 38 shows the position of tin." vernal eqninox 2170 
B.C. It was tiien in Taurus, jusl soutii of the Pleiades. 
It has since moved from Taurus, through Aries, and. into 
Pisces, as shown in Fig. 39. 




Since celestial longitude and right ascension are both 
measured from the first point of Aries, the longitude and 
right ascension of the stars are slowly changing from year 




lo year. It will be seen, from Figs. 38 and 39, that the 
declination is also slowly changing. 

30. Nutation. — The gyratory motion of die earth's axis 
is not perfectly regular and uniform. The earth's axis has 
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a slight tremulous motion, oscillating to and fro through a 
short distance once in about nineteen years. This tremu- 
lous motion of the axis causes the pole of the heavens to 
describe an undulating curve, as shown in Fig. 40, and 
gives a slight unevenness to the motion of the equinoxes 
along the ecliptic. This nodding motion of the axis is 
called nutation. 

3 1 . Refraction. — When a ray of light 
from one of the heavenly bodies enters the 
earth's atmosphere obliquely, it will be bent 
towards a perpendicular to the surface of 
the atmosphere, since it will be entering a 
denser medium. As the rav traverses the ^^^' *^* 

atmosphere, it will be continually passing into denser and 
denser layers, and will therefore be bent more and more 
towards the perpendicular. This bending of the ray is 
shown in Fig. 41. A ray which started from A would enter 
the eye at C, as if it came from /.* hence a star at A would 
appear to be at /. 

Atmospheric refraction displaces all the heavenly bodies 

from the horizon towards the 
zenith. This is evident from 
Fig. 42. O'D is. the horizon, 
and Z the zenith, of an observer 
at O. Refraction would make 
a star at Q appear at P: in 
other words, it would displace 
it towards the zenith. A star in 
the zenith is not displaced by 
refraction, since the rayr3 which reach the eye from it traverse 
the atmosphere vertically. The farther a star is from the 
zenith, the more it is displaced by refraction, since the 
greater is the obliquity with which the rays from it enter 
the atmosphere. 

At the horizon the displacement by refraction is about 




half a degree ; but it varies considerably with the state of 
the atmosphere. Refraction causes a heavenly body I 




appear above the horizon loDger than it really is above it, 
since it makes it appear to be on the horizon when it is 
really half a degree below it. 



The incre.isL' of refniciion lowards ilic horiran often 
makes ihe sun, when near the horiKon, appear distorted, 
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the lower limb of the sun being raised more than the u| 
limb. This distortion is shijwni in Fig. 43. The ver 
diameter of the sun appears to be considerably less than 1 
the horizontal diameter. 

32, Parallax. — Parallax is the displacement of 
object caused by a thange in tlie point of I'iew from which. J 
it is seen. Thus in Fig. 44, the top of the tower .S' would! 
be seen projected against the sky at a by an observer at A,\ 
and at b by an observer at B. In passing from A to j 
the top of the lower is displaced from a to b, or by the 




angle aSb. This angle is called the parallax of 5, as s 
from B instead of A. 

The geocenlric parallax of a heavenly body is its dis- 
placement caused by its being seen from the surface of ihe 
earth, instead of from ihe centre of the earth. In Fig. 45, 
R is the centre of the earth, and O the point of observation ' 
on the surface of the earth. Stars at S, S' , and S", would, j 
from the centre of the earth, appear at Q, Q', and Q"{-] 
while from the point on the surface of the earth, these! 
same stars would appear at P, P', and P". being displaced.J 
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from their position, as seen from the centre of the earth, by 
the angles QSP, Q'S'P\ and Q"S"P\ It wiU be seen 
that parallax displaces a body from the zenith towards the 
horizon, and that the parallax of a body is greatest when it 
is on the horizon. ITie parallax of a heavenly body when 
on the horizon is called its horizontal parallax. A body 
in the zenith is not displaced by parallax, since it would 
be seen in the same direction from both the centre and 

the surface of the 
earth. 

The parallax of 
a body at S'" is 
Q"'S"'P, which is 
seen to be greater 
than QSP; that 
is to say, the par- 
B allax of a heaven- 
ly body increases 
with its nearness 
to the earth. The 
distance and parallax of a body are so related, that, either 
being known, the other may be computed. 

33. Aberration. — Aberration is a slight displacement of a 
star, owing; to an apparent change in the direction of the rays 
of light which proceed from it, caused by the motion of the 
earth in its orbit. If we walk rapidly in any direction in the 
rain, when the drops are falling vertically, they will appear to 
come into our faces from the direction in which we are walking. 
Our own motion has apparently changed the direction in which 
the drops are falling. 

In Fig. 46 let ^4 be a gun of a battery, from which a shot 
is fired at a ship, D E^ that is passing. Let A B C he the 
course of the shot. The shot enters the ship's side at B^ and 
passes out at the other side at C; but in the mean time the 
ship has moved from E to e, and the part B, where the shot 
entered, has been carried to ^. If a person on board the ship 




Pig. 45. 



ASTRONOMY. 



39 



7 







\: 




^ 



could see the ball as it crossed the ship, he would see it cross 
in the diagonal line d C; and he would at once say that the 
cannon was in the direction of Cb. If the ship were moving" 
in the opposite direction, he would 
say that the cannon was just as far - 
the other side of its true position. 

Now, we see a star in the direction 
in which the light coming from the 
star appears to be moving. When 
we examine a star with a telescope, 
we are in the same condition as the 
person who on shipboard saw the 
cannon-ball cross the ship. The tele- 
scope is carried along by the earth »S- 4 • 
at the rate of eighteen miles a second : hence the light will 
appear to pass through the tube in a slightly different direction 
from that in which it is really moving; just as the cannon-ball 
appears to pass through the ship in a different direc- 
tion from that in which it is really moving. Thus in 
Fig. 47, a ray of light coming in the direction SOT 
would appear to traverse the tube O T oi a telescope, 
moving in the direction of the arrow, as if it were 
coming in the direction ^S"' O. 

As light moves with enormous velocity, it passes 
through the tube so quickly, that it is apparently 
changed from its true direction only by a very slight 
angle ; but it is sufficient to displace the star. This 
apparent change in the direction of light caused by 
the motion of the earth is called aberration of light. 

34. The Planets. — On watching the stars atten- 
tively night after night, it will be found, that while 
the majority of them appear fixed on the surface 
of the celestial sphere, so as to maintain their rela- 
tive positions, there are a few that wander about 
among the stars, alternately advancing towards the 
east, halting, and retrograding towards the west. These wan- 
dering stars are called planets. 

Their motions appear quite irregular ; but, on the whole, 
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their eastward motion is in excess of their westward, and in 
a longer or shorter time they all complete the circuit of the 
heavens. In almost every instance, their paths are found to 
He wholly in the belt of the zodiac. 




Fig. 48. 



Fig. 48 shows a portion of the apparent path of one of 
the planets. 



II. 



THE SOLAR SYSTEM. 



1. THEORY OF THE SOLAR SYSTEM. 

35. Members of the Solar System, — The solar system 
is composed of the sun, planets, moons, comets, and meteors. 
Five planets, besides the earth, are readily distinguished by 
the naked eye, and were known to the ancients : these are 
Mercury, Venus, Mars, J^upiter, and Saturn. These, with 
the sun and moon, made up the seven planets of the ancients, 
from which the seven days of the week were named. 

The Ptolemaic Sysi'em. 

2fi. The Crystalline Spheres, — We have seen that all the 
heavenly bodies appear to be situated on the surface of the 
celestial sphere. The ancients assumed that the stars were 
really fixed on the surface of a crystalline sphere, and that 
they were carried around the earth daily by the rotation of 
this sphere. They had, however, learned to distinguish the 
planets from the stars, and they had come to the conclusion 
that some of the planets were nearer the earth than others, 
and that all of them were nearer the earth than the stars' 
are. This led them to imagine that the heavens were com- 
posed of a number of crystalline spheres, one above another, 
each carrying one of the planets, and all revolving around 
the earth from east to west, but at different rates. This 
Structure of the heavens is shown in section in Fig. 49. 

41 
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37. Cycles and Epicycles. — The ancients had also noticed 
tliatj while all the planets move around the heavens from 
west to east, their motion is not one of uniform advance- 
ment. Mercury and Venus appear to oscillate to and fro 
across the sun, while Jupiter and Saturn appear to oscillate 
to and fro across a centre which is moving around the 
earth, so as to describe a series of loops, as shown in 
Fig. 50. 




The annents assumerl thit tht phnets moied in exact 
cirdes "and in fact that all motion in the heavens ivas 
circular the circle being the simplest and most perfect 
curve lo account for the loops described by the planets 
they imagined that each planet revolved in a circle around a 
centre which in turn revolved in a circle around the earth 
The cu-cle described by this centre around the earth they 
called the e\ck and the circle descnbed by the pi 
around this centre thev called the eptc\eU 
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38. T%e E^entric. — The ancients assumed that the 
[Janets moved at a uniform rste in describing the epicycle, 
and also the centre in describing the cycle. They had, 
however, discovered that the planets advance eastward more 
rapidly in some parts of their orbits than in others. To 




account for this they assumed that the cycles described by 
the centre, around which the planets revolved, .were ecfen- 
trie; that is to say, that the earth was not at the centre 
of the cycle, but some distance away from it, as shown 
in Fig, 51. E is the position of the earth, and C is the 
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centre of the cycle. The lines from E are drawn so as to 
intercept equal arcs of the cycle. It will be seen at once 
that the angle between any pair of lines is greatest at P, and 

least at A; so that, were a 
planet moving at the same rate 
at P and A^ it would seem to 
be moving much faster at P. 
The point P of the planet's 
cycle was called it's perigee, and 
the point A its apogee. 

As the apparent motion of 
the planets became more ac- 
curately known, it was found 
necessary to make the system 
^'2- 5^- of cycles, epicycles, and eccen- 

trics exceedingly complicated to represent that motion. 

The Copernican System. 

39. Copernicus, — Copernicus simplified the Rolemaic 
system greatly by assuming that the earth and all the planets 
revolved about the sun as a centre. He, however, still main- 
tained that all motion in the heavens was circular, and hence 
he could not rid his system entirely of cycles and epicycles. 

Tycho Brake's System. 

40. Tycho Brake, — Tycho Brahe was the grea4est of the 
early astronomical observers. He, however, rejected the sys- 
tem of Copernicus, and adopted one of his own, which was 
much more complicated. He held that all the. planets but 
the earth revolved around the sun, while the sun and moon 
revolved around the earth. This system is shown in Fig. 52. 

Kepler's System. 

41. Kepler. — While Tycho Brahe devoted his life to the 
observation of the planets, Kepler gave his to the study 
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of Tycho's observations, for the purpose of discovering the 
true laws of planetary motion. He banished the compli- 
cated system of cycles, epicycles, and eccentrics forever from 
the heavens, and discovered the three laws of planetary 
motion which have rendered his name immortal. 

42. The Ellipse. — An ellipse is a closed curve which has 
two points within it, the sum of whose distances from every 
point on the curve is the same. These two points are called 
\}[itfoci of the ellipse. 







'g. 52- 



One method of describing an ellipse is shown in Fig. 53. 
Two tacks, F and F' , are stuck into a piece of paper, and 
to these are fastened the two ends of a string which is longer 
than the distance between the tacks. A pencil is then 
placed against the string, and carried around, as shown in 
the figure. The curve described by the pencil is an ellipse. 
The two points F and F' are the foci of the ellipse : the 
sum of the distances of these two points from every point 
on the curve is equal to the length of the string. When 
half of the ellipse has been described, the pencil must be 
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held against the other side of the string in ihe same way^J 
and carried around as before. 
The point O, half way between f and J^', is called the.J 




major axis of ihe ellipse, 



3 of the 
3 of the 



cenire of the ellipse; A A' 'w 
and CD is the minor axis. 

43. The Eccentricity of the Ellipse. — 'X\\s 
distance between the two foci to the major 
ellipse is called ihe eccentricity of the ellipse. The greater 

the distance between the two 
foci, compared with the major 
is of the ellipse, the greater is 
e eccentricity of the elliise ; 
1 and the less the distance be- 
tween the foci, compared with 
the length of the major a\is, 
the less the eccentricity of the 
ellipse. The ellipse of Fig. 54 
has an eccentricity of \. This 
'^' -'■ ellipse scarcely differs in appear- 

ance from a circle. The ellipse of Fig. 55 has an eccen- 
tricity of \, and that of Fig. 56 an eccentricity of \. 

44. Kepler's First Law. — Kepler first discovered that 
all the planets move from west to east in ellipses which have 
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Fig- 55. 



the sun as a common focus. This law of planetary motion 
is known as Kepler's First Law, The planets appear to 
describe loops, because we view them from a moving point. 

The ellipses described by the planets differ in eccentricity ; 
and, though they all have one focus at the sun, their major 
axes have different directions. The eccentricity of the plan- 
etary orbits is comparatively 
small. The ellipse of Fig. 54 
has seven times the eccentricity 
of the earth's orbit, and twice 
that of the orbit of any of the 
larger planets except Mercury ; 
and its eccentricity is more 
than half of that of the orbit 
of Mercury. Owing to their 
small eccentricity, the orbits of 
the planets are usually represented by circles in astronomi- 
cal diagrams. 

45. Kepler's Second Law. — Kepler next discovered that 
a planet's rate of motion in the various parts of its orbit 
is such that a line drawn from the planet to the sun would 
always sweep over equal areas in equal times. Thus, in 
Fig. 5 7, suppose the planet would move from P to P^ in the 

same time that it would move 
from P"" to P^, or from P^ to 
/*5 ; then the dark spaces, which 
would be swept over by a line 
joining the sun and the planet, 
in these equal times, would all 
be equal. 

A line drawn from the sun to a planet is called the 
radius vector of the planet. The radius vector of a planet 
is shortest when the planet is nearest the sun, or at perihe- 
lion^ and longest when the planet is farthest from the sun, 
or at aphelion : hence, in order to have the areas equal, it 




Fig. 56. 
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Fig- 57- 



follows that a planet must move fastest when at perihelion, 
and slowest at aphelion. r 

Kepler'' s Second Law of planetary motion is usually 
stated as follows : The radius vector of a planet describes 
equal areas in equal times in every part of the planet's 
orbit. 

46. Kepler'' s Third Law. — Kepler finally discovered that 

the periodic times 
of the planets bear 
the following rela- 
tion to the distan- 
ces of the planets 

* from the sun : The 
squares of the peri- 
odic times of the 
planets are to each 
'Other as the cubes 
of their mean dis- 
tances from the sun. This is known as Kepler's Third Law 
of planetary motion. By periodic time is meant the time it 
takes a planet to revolve around the sun. 

These three laws of Kepler's are the foundation of mod- 
em physical astronomy. 

The Newtonian System. 

47. Newton's Discovery, — Newton followed Kepler, and 
by means of his three laws of planetary motion made his 
own immortal discovery of the law of gravitation. This 
law is as follows : Every portioji of matter in the universe 
attracts every other portio?i with a force varying directly as 
the product of the masses acted 7/pon, and inversely as the 
square of the distances between them, 

48. The Conic Sections. — The conic sections are the 
figures formed by the various plane sections of a right cone. 
There are four classes of figures formed by these sections, 
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according to the angle which the plane of the section 
makes with the axis of the cone. 

OPQy Fig. 58, is a right cone, and ON \s its axis. 
Any section, A B, of this cone, whose plane is perpendicular 
to the axis of the cone, is a circle. 

Any section, CD, of this cone, whose plane is oblique 
to the axis, but forms with it an angle greater than NOP, 
is an ellipse. The less the angle which the plane of the 
section makes with the 
axis, the more elongated 
is the ellipse. 

Any section, EF, of 
this cone, whose plane 
makes with the axis an 
angle equal to NOP, is 
a parabola. It will be 
seen, that, by changing the 
obliquity of the plane CD 
to the axis NO, we may 
pass uninterruptedly from 
the circle through ellipses 
of greater and greater 
elongation to the parabola. 

Any section, GH, of 
this cone, whose plane 
makes with the axis ON 
an angle less than NOP, is a hyperbola. 

It will be seen from Fig. 59, in which comparative views 
of the four conic sections are given, that the circle and 
the ellipse are closed curves, or curves which return into 
themselves. The parabola and the hyperbola are, on the 
contrary, open curves, or curves which do not return into 
themselves. 

49. A Revolving Body is continually Falling towards its 
^Centre of Revolution. — In Fig. 60 let M represent the moon, 




so 

and E the earth around which the moon is revolving in the 
direction Af N. Il will be seen that the moon, in moving from 
jj/ to jV, falls towards the earth a distance equal to niN. It 
is kept from falling into the earth by its orbital motion. 

The fact that a 
body might be pro- 
jected forward fast 

from falling into the 
earth is evident from 
Fig. 6i. AB repre- 
sents the level sur- 




of which 
ball is sup- 

the direction C E. 
AD\&a. line parallel 
with CE; DB is a 
line equal to the dis- 
tance between the two 
parallel hnes^Z*and 
CE. This distance is equal to that over which gravity would 
pull a ball towards the centre of the earth in a minute. No 
matter, then, with what velocity the ball C is fired, at the end 
of a minute it will be somewhere on the line AD. Suppose 
it were fired fast enough to reach the point D in a minute: 
il would be on the line ADM the end of the 
minute, but still just as far from the surface of - 
the water as when it started. 11 will be seen, 
that, although it has all the while been falling 
towards the earth, it has all the while kept at 
exactly the same distance from the surface. 
The same thing would of course be true dur- 
ing each succeeding minute, till the ball came ""' ™' 
round to C again, and the ball would continue to revolve in a 
circle around tlie earth. 

SO. The Form of a Body's Orbit depends upon the Rate of 
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Us Forviard Moliott. — ^If llie ball Cwere fired fast enough lo 
reach line line A D beyond the point D, it would be farther 
irom the surface at the end of the second than when it 
started. Its orbit would no longer be circular, but ellipti- 




cal. If the speed of projection were gradually augmented, 
Ihe orbit would become a more and more elongated ellipse. 
At a certain rate of projection, the orbit would bee 
parabola; at a still greater rati 
a hyperbola. 

51, The Moon held in ht 
Orbitby Gravity. — Newton con 
pared the distance t>iN that lli 
moon is drawn to the earth i 
a. given time, with the distance 1 
a body near the surface of the 
earth would be pulled toward 
the earth in the same time; and 
he found that these distance.-! 
are to each other inversely as 
the squares of the distances of 
the two bodies from the centre 
of the earth. He therefore con- . ** 

eluded that ihe moon is drawn 

to the earth by gravity, and that the intensity of gravity 
decreases as the square of the distance increases. 

Sa. Any Body -whose Orbit is a Conic Section, anil whicA 
mov0s according to Kepler's Second Law, is acted upon by a 1 
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Force varying ini/ersely as the Square of the Distance. — New- 
. ton compared the distance which any body, 

moving in an ellipse, according to Kepler's 
Second Law, is drawn towards Ihe sun in the 
same time in different parts of its orbil. He 
found these distances in all cases to vary 
inversely as the square of the distance of 
the planet from the sun. Thus, in Fig. 62, 
aup]:ose a planet would move from K \a B 
in the same time that it would move from i 
to b in another part of its orbit. In the first 
the planet would be drawn towards 
the distance AB, and in Ihy second 
the distance ab. Newton found that 
AB b= SK^ Si'. He also found that 
tl m Id I true when the body moved 

in p bol hyperbola: hence he eon- 

cl d d h t y body that moves around the 
SI up a parabola, or a hyperbola, 

is n ng ni tJeinfiutiice of gravity. 
J3 T! F that draws the Different 

■sely as the Squares of tk, 




Planets to the Sun Varies 
Distances of the Planets fr 
the distances jK and eF, 
over which two planets are 
drawn towards the sun in 
the same time, and found 
these distances to vary 
inversely as the squares 
of the distances of the 
planets from the sun : 
hence he concluded that 
all the planets are held 
in their orbits by gravity. 
He also showed that this 
would be true of any two 
bodies that were revolving 
around the sun's centre, 
according to Kepler's Third Law. 



' the Jwa.— Newton 
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54. 7S« Copentican System. — The theory of the solar I 
system which originated with Copernicus, and which 1 
developed and completed by Kepler and Newton, is cc 
morily known as the Copernkan System. This system 
shown in Fig. 64. 



II. THE SUN AND PLANETS. 

I. THE EARTH. 

Form and Size. 

55. Form of the Earth. — In ordinary language the , 
term horizon denotes the line that Ijounds the portion of I 
the earth's surface that is visible at any point. 

(i) It is well known that the horizon of a plain presents J 
the form of a circle surrounding the observer. If the \ 
latter moves, the circle moves also ; but its form remains the j 
same, and is modified only when mountains or other ob 
cles limit the view. Out at sea, the circular form of the j 
horizon is still more decided, and changes only near the 
coasts, the outline of which breaks the regularity. 

Here, then, we obtain a first notion of the jotundity of 
the earth, since a sphere is the only body which is presented , 
always to us under the form of a circle, from whatever point 
on its surface it is viewed. 

(2) Moreover, it cannot be maintained that the horizon 
is the vanishing point of distinct vision, and that it is 
which causes the appearance of a circular boundary, because \ 
the horizon is enlarged when we mount above the surface ( 
of the plain. This will be evident from Fig. 65, in which a | 
mountain is depicted in the middle of a plain, whose u 
form curvature is that of a sphere. From the foot of the 
mountain the spectator will have but a very limited horizon. 
Let him ascend half way, his visual radius extends, is inclined 
below the first horizon, and reveals a more extended circu- 
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lar area. At the summit of the mountain the horizon still 
increases ; and, if the atmosphere is pure, the spect 




Fig. 6s. 

see numerous objects where from the lower stations the sky 
alone was visible. 




1 of the horizon would be inexplicable 
the earth had the form of an extended plane 



ible if 1 
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(3) The curvature of the surface of the sea manifests I 
itself in a still more striking manner. If we are on the J 
coast at the summit of s hill, and a vessel appears on the I 
horizon (Fig. 66), we see only the tops of the masts and I 
the highest sails ; the lower sails and the hull are invisible. J 
As the vessel approaches, its lower part comes int 
above the horizon, and soon it appears entire. 

In the same manner the sailors from tlie ship s 
different parts of objects on the land appear f 
beginning with the highest. The reason of this will 
evident from Fig. 67, where the course of a vessel, seen 
profile, is figured on the convex surface of the sea. 

As the curvature of the ocean is the same in every dir< 
tion, it follows that the surface of the ocean is spheric 
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The same is tnie of the surface of the land, allowance being \ 
made for the various inequalities of the surface. From ! 
these and various other indications, we conclude that the \ 
earth is a sphere. 

56. She of the Earth. — The size of the earth js ascer- J 
tained by measuring the length of a degree of a meridian, 
and multiplying this by three hundred and sixty. This gives I 
the circumference of the earth as alwut twenty-five thousand 1 
miles, and its diameter as about eight thousand miles. \ 
know that the two stations between which we measure a 
one degree apart when the elevation of the pole at one 1 
station is one degree greater than at the other. 

57. The Earth Flattened at the Poles. — Degrees on 
meridian have been measured in various parts of the earth, ] 
and it has been found that they invariably increase in length j 
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as we proceed from the equator towards the p«je : hence 
the eanh must curve less and less rapidly as we approach the 
poks ; for the less the curvature of a circle, the larger the 
degrees on it, 

58. The Earth in Space. — In Fig. 68 we have a view 
of the earth suspended in space. The side of the earth 




turned towards the sun is illumined, and the other side is in 
darkness. As the planet routes on its axis, successive por- 
tions of it will be turned towards the sun. As viewed from 
a point in space between it and the sun, it will present 
light and dark portions, which will assume different forms 
according to the portion which is illumined. These differ- 
ent appearances are shown in Fig. 69. 



^ 
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heavens on the ecliptic, it will be on the celestial equator 
when at the equinoxes, and 23^° north of the equator when at 
r solstice, and 23^° south of the equator when 
at the winter solstice. 

60. Day and Night 
vihai the Sim is at the 
Ei!uinoxes. — '^\\tn the 
sun is at either equinox, 
the diurnal circle c 
scribed by the sun v 
coincide with the celi 
tial equator; and there- 
fore half of this .diurnal 
circle will be above the 
hori/.on at every point on 
'E- i"- the surface of the globe. 

Jay and night will be equal in every part of 



The equality of days and nighli 
celestial equator is also 
evident from the following 
considerations : one-half of 
the earth is in aunsliine all 
of the time ; when the sun 
is on the celestial equator, 
it is directly over the equa- 
tor of the earth, and the 
illumination extends from 
pole to pole, as is evident 
from Figs. 70 and 71, in 
the former of which the 
sun is represented a;; on 
the eastern horlion at a 
place along the central line 
of the figure, and ia the latter 
the same line. In each diagram it 
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extends from pole 
axis, every place oi 
out of it just half c 



the surface will be in the sunshin 
the lime. 



' the Summer 




61. Day and Night when the Sun i 
6*TArtV-r. — When the sun is 
at the summer solstire it 
will be 23^° north of the 
celestial equator. The diur 
nal circle described by the 
sun will then be 23^° north I 
of the celestial equator ; and 
more than half of this dmr 
nal circle will be above the 
horizon at all places north 
of the equator, and less 
than half of it at places 
south of tlie equator ; hence the days will be longer than the 1 
!y al places north of the egualor, and shorter than them 
nights at places south i^J 
the equator. At placeaJ 
within 13^° of the north ^ 
pole, the entire diurnal 
circle described by the 
1 will be above the 
rizon, so that the sun 
1 not set. Al plac 
bin 33^ of the sou 
pok of the earth, the en- 
tire diurnal circle will be'J 
below the horizon, so that^J 
fig. 73- the sun will not r 

The illumination of the earth at this time is shown ia. 
Figs. 72 and 73. In Fig. 72 the sun is represented a 
western horizon along the middle line of the figure, and iUi' 
Fig. 73 as on the meridian. It is seen at once that ihe 
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ixtends 23^° beyond the north pole, and falls 23i' 
short of the soulh pole. As the earth rotates oa its axis, 
places near tlie north pole will be in the sunshine all the time, 
while places near the south pole will be out of the sunshine 
all the time. All places north of the equator will be in the 
sunshine longer than they are out of it, while all places south 
of the equator will be out of the sunshine longer than they 



62. Day ami Night when the Sun is at the Winter Sol- 
stice. — \Vhen the sun is at the winter solstice, it is 23^° 
south of the celestial equator. The diurnal circle described 
by the sun is then 23^° south of the celestial equator. More 
than half of this diurnal circle will therefore be above the 
horizon at all places south of the equator, and less than 
lialf of it at all places north of the equator : hence tlie days 
■will be longer than the /lights south of the equator, and 
shorter than the nights at places north of the equator. At 
places within 23^" of the south pole, the diurnal circle de- 
scribed by the sun will be entirely above the horizon, and 
the sun will therefore not set. At places within 23^° of the 
north pole, the diurnal circle described by the sun will be 
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1, and therefore the sun will not rise. 



wholly belo^ 

The illumination iif the earth at this lime is shown in 
Figs. 74 and 75, and is seen to be the reverse of that shown 
in Figs. 72 and 73. 

63. Variation in the Length of Day and Night. — As 
long as the sun is north of the equinoctial, the nights will 
be longer than tlie days south of the equator, and shorter 
than the days north of the equator. It is just the reverse 
when the sun is south of the equator. 

The fartlier the sun is from the equator, the greater is the 
inequality of the days and nights. 

The farther the place is from the equator, the greater the 
inequality of its days and nights. 

When the distance of a place from the north pole is less 
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than the distance of the sun north of the equinoctial, 
will have continuous day Toillioire nighl, since the whole of | 
the sun's diumal circle will be above the horizon. A pjaee 
within the same distance of 
the south pole will hai'e 
continuous night. 

When the distance of a 
place from the nnrth pole is 
less than the distance of the i 
sun south of ihe equinoc- 
tial, it will have conliiiitous 
iiight, since tlie whole of 
the sun's dinmal circle will 
then be below the horizon. 
A place within the same ^'^' '"■ 

distance of the south pole will then have eaniinuous day. 

At the equator the days and nights arc always eijuali\ 
since, no matter where tlie sun is in ihe heavens, half of J 
all the diurnal circles described by it will be above thsfl 
horizon, and half of themj 



\e Zones. — It.B 
will be seen, from what! 
has been stated above;' 
tliat the sun will at st 
time during the year 
directly overhead at every 
place within 23^° of the i 
equator on either sidev 
This belt of the earth i$V 
called the torrid zone A 
The torrid zone is bound- J 
that of Cancer on I 
the soTith. 
every place within ijj" 
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either pole, there will be, some time during the year, 
day during which the sun will not rise, or on which it will 
not set. These two belts of the earth's surface are called 
the frigid zones. These zones are bounded by the polar 
circles. The nearer a place is to the poles, the greater the 
number of days on which the sun does not rise or set. 

Between the frigid zones and the torrid zones, there are 
Iwo belts on the earth which are called the temperate zones. 
The sun is never overhead at any place in these two zones, 
but it rises and sets every day at every place within their 
limits. 

65. The Width of the Z)nw. — The distance the frigid 
zones extend from the jwles, and the torrid zones from the 
equator, is exactly equal to the obliquity of the ecliptic, or the 
deviation of the axis of the earth from the perpendicular to 
the plane of its orbit. Were this deviation forty-five degrees, 
the obliquity of the ecliptic would be forty-live degrees, the 
torrid zone would extend forty-five degrees from the equator, 
and the frigid zones forty-five degrees from the poles. In 
this case there would be no temperate zones. Were this 
deviation fifty degrees, the torrid and frigid zones would 
overlap ten degrees, and there would be two belts of ten 
degrees on the earth, which would experience alternately 
during the year a torrid and a frigid climate. 

Were the axis of the earth perpendicular to the plane 
of the earth's orbit, there would be no zones on the earth, 
and no variation in the length of day and night. 

66. Twilight. — Were it not for the atmosphere, the 
darkness of midnight would begin the moment the sun 
sank below the horizon, and would continue till he rose 
again above the horizon in the east, when the darkness of 
the night would be suddenly succeeded by the full light 
of day. The gradual transition from the light of day to 
the darkness of the night, and from the darkness of the 
night to the light of day, is called twilight, and is due 



due to I 
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the diffusion of light from the upper layers of the atmos- 
phere after the sun has ceased to shine on the lower layers 
at night, or before it has begun to shine on them in the 
morning. 

Let AB CD (Fig. 76) represent a portion of the earth, 
A a point on its surface where the sun 5 is setting ; and let 
SAH be a ray of light just grazing the earth at A, and 
leaving the atmosphere at the point H. The point A is 
illuminated by the whole reflective atmosphere HGFE. 
The point B^ to which the sun has set, receives no direct 




Fig. 76. 

solar light, nor any reflected from that part of the atmos- 
phere which is below ALH ; but it receives a twilight from 
the portion HLF, which lies above the visible horizon BF. 
The point C receives a twilight only from the small portion 
of the atmosphere HMG ; while at D the twilight has 
ceased altogether. 

67. Duration of Twilight, — The astronomical limit of 
twilight is generally understood to be the instant when stars 
of the sixth magnitude begin to be visible in the zenith at 
evening, or disappear in the morning. 

Twilight is usually reckoned to last until the sun's depres- 
sion below the horizon amounts to eighteen degrees : this, how- 
ever, varies ; in the tropics a depression of sixteen or seventeen 
degrees being sufficient to put an end to the phenomenon, 
while in England a depression of seventeen to twenty-one 
degrees is required. The duration of twilight differs in differ- 
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ent latitudes ; it varies also in the same latitude at different ^ 
seasons of the year, and depends, i 
meteorological condition of the atmosphere. When the sky ' 
is of a pale color, indicating the presence of an unusual 
amount of condensed vapor, twilight is of longer duration. 
This happens habitually in the polar regions. On the contrary, 
within the tropics, where the air is pure and dry, twilight some- 
times lasts only fifteen minutes. Strictly speaking, in the lati- 
tude of Greenwich there is no true night from May 3Z to 



July 21, but constant twili] 
reaches lis minimum thri 
and three weeks after the 
is an hour and fifty 

it percepiiblf 



lit from sunset to sunrise. Twilight ' 
: weeks before the vernal equinox, 
utumnal equinox, when its duration 
midwinter it is longer by 
but the augmentation is frequently 
le greater prevalence of clouds and 
haze at that season of the year, which intercept the light, and 
hinder it from reaching the earth. The duration is least at j 
the equator (an hour and twelve minule.s), and increases 
we approach the poles ; for at the former there are two ti 
lights every twenty-four hours, but at the latter only two in 
year, each lasting about fifty days. At the north pole the s 
is below the horizon for six months, but from Jan. 29 to t 
vernal equinox, and from the autumnal equinox to Nov. 
the sun is less than eighteen degrees below the hori/.on ; 
that there is twilight during the whole of these intervals, and 
thus the length of the actual night is reduced to two months 
and a half. The length of the day in these regions is about 
six months, during the whole of which time the sun is t 
stantly above the horizon. The general rule is, iAai to the 1 
inhabiiants of an oblique sphere the twilight is longer in fro- I 
portion as the place is nearer the elevated pole^ and the sut 
farther from the equator on the side of the elevated pole. 

The Se.*sons. 

68. The Seasons. — While the sun is north of the celes- 
tial equator, places north of the equator are receiving heat 
from the sun by day longer than they are losing it by radia- 
tion at night, while places south of the equator are losing 
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heat by radiation at night longer than the> are receiving i 
from the sun by day \V hen therefore the sun jiasses nortbifl 
of the equator the temperature begins to rise at placeSB 
north of the equator and lo fall at places south of it ". 
rise of temperature is most rapid north of the equator wl 
the sun is at the summer solstice , but, for some tiroe a 
this the earth continues to receive more heut by day than in 
loses bj night, and therefore the temperature continues t 
nee For this reason the heat is more exceaane after th 
sun passes the summer solstice than before it reaches it 

69 T/ie Duration of the Seasons — Summer is counted™ 
as beginning in June when the sun is at the summer solj 
sUce, and is contmuing until the sun reaches tiie autumn* 
equinox 111 September Autumn then begins and continues 
until the sun is at the winter solstice, m December 
follows, continuing until the snn 1 1 mcs to the vernal tquinox, 1 
in March, when spring 
begins, and continues 
to the summer sol- 
" stice. In jropiilar 
reckoning the sea- 
sons begin with the 
first day i\( June, 
September, Decem- 
ber, and March. 

The reason why 
winter is coiintcil as 
occurring after the 
winter solstice is simi- 
lar to the reason why 
the summer Ls placed 
after the summer sobtice. 'I'he earth north of the equator^ 
is losing heat most rapidly at the time of the winter solstice } 
but for some time after this it loses more heat by night thaB J 
it receives by day ; hence for some time the temperaturffjj 
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intense after the 




Of course, when it is sjimmer in the northern hemisphere, 
it is winter in the southern hemisphere, and the revcne. 
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Fig, 77 shows the portion of the earth's orbit included in 

each season. It will be seen that the earth is ai perihelion 

in the winter season for , 

places north of the | 

equator, and at aphelion 

in the summer season. 

This lends to mitigate i 

somewhat the extreme 

temperatures of our 

winters and summers. 

70, T/if Illumination I 
of the Earth at the I 
different Seasons. — 
Fig. 78 shows the earth 
as it would appear to 
an observer at the sun ■'«■ "■ 

during each of the four seasons ; that is to say, the por- 
tion of llie earth tlut is receiving the sun's rays. Figs. 79, 
80, 81, and 82 are enlarged views of the earih, as seen 
from the sun at the time 
of the summer solstice, of 
the autumnal equinox, of 
the winter solstice, and 
of the vernal equinox. 

Fig. 83 is, so lo speak, 
a side view of the earth, 
showing the limit of sun- 
shine on the earth when 





the SI 



t the 



Slice; and Fig. 84. 

I showing the limit of suti- 

ne when the sun is at 

'^ the autumnal equinox. 

71. Cause of the Change of Seasons. — Variety in ihe 

length of day and nighl, and diversity in the seasons, depend 
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upon thf ohhqinh of lh< 




Were there no obhquitv 
of the erliptic there 
would be no inequality 
in the length of day 
and night and but \ 
shght diversity nf s 
sou^ TJie greater the 
obU }Uitj of the ellip- 
tic the grtater would 
be the 
length of the days and I 
nights md the 
extreme the changes 1 

of the SI 



IlDES 

72. Tidts — The alternate nse and fall of the surface of 
the sea twice m the course of a lunu day, or of twenty four 
hours and fift> one rainuti.s is known ^s the tiiei When 
the water is nsmg it is said to be Ji oi tide and when 
it is faJhng ilid tide 
When the water is at ts 
greatest height it is sai 1 
to be hi^i water an i 
when at its least height 
low water 

73, Cause of the Tides 
— It has been knoun to 
seafaring nations from a 
remote antiquity that there 

between the ebb and flon 
of the tirtes »nd l! e diir 
nal mot on < f tlie mo m ^ " 

This t dal movement in seemini; obedience to the moon was 
a mysterv until the study of the law of gravitation showed it 
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3 be due lo the attraction of thf moon on the n-uleri of tkt 
emit. The reason why there are two tides a day will appea* 




(rom Fig. 8s. Let -1/be the moon, E the earth, and EM ll 

line joining their centres. Now, strictly speaking the 

does not revolve around the earth any more tinn the earth! 




^ around the moon ; but the centre of each body moves ai 



I 
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being eighty times as heavy as the moon, this centre is situated 
within the former, about three-quarters of the way from its 
centre to ils surface, at the point G. The body of the earth 
itself being solid, every part of it, in consequence of the 
moon's attraction, may be considered as describing a circle 
once in a month, with a radius equal to EG, The centrifugal 
force caused by this rotation is just balanced by the mean 
attraction of the moon upon the earth. If this attraction were 
the same on every part of the earth, there would be every- 
where an exact balance between it and the centrifugal force- 
But as we pass from E to D the attraction of the moon dimin- 
ishes, owing to the increased distance : hence at D the centri- 
fugal force predominates, and the water therefore tends to move 
away from the centre E. As we pass froin E towards f, the 
in of the moon increa.ses. and therefore exceeds the cen- 




trifugal force : consequently at C there is a tendency to draw 

the water towards the moon, but still away from the centre E. 

At A and B 

of the water.owing 

A M. along which it 

to make the waters ; 



; two tides t 



of the moon increases the gravity 
the convergence of the lines BM and 
;ts ; hence the action of the moon tends 
e at Z) and C, and to fall at A and B, 
each apparent diurnal revolution of the 



74- The Lagging of the Tides.— \i the waters even,'where 
yielded immediately to the attractive force of the moon, it would 
always be high water when the moon was on the meridian, low 
water when she was rising or setting, and high water again 
when she was on the meridittn below the horizon. But, owing 
to the inertia of the water, some lime is necessary for so slight 
a force to set it in motion; and, once in motion, it continues 
so after the force has ceased, and until it has acted some time 
in the opposite direction. Therefore, if the motion of the 
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water were unimpeded, il would nol be high water unlil some 
hours after the mooD had passed the meridian. The free 
motion of the water is also impeded by the islands and conti- 
nents. These deflect the tidal wave from its course in such a 




way thai it may, in some eases, be many hours, or even a 
whole day, behind its time. Sometimes two naves meet each 
other, and raise a very high tide. In some places the tides 




trun up a long bay, where the motion of a large mass of water 
will cause an enormous tide lo be raised. In the Bay of 
Fuody both of these causes are combined. A tidal wave com- 
ing up the Atlantic coast meets the ocean wave from the 
east, and, entering the bay with their combined force, they 
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raise the water at tlie I\cad of it to the height of dxty o 
seventy feci. 

75- Spring-TuUs and Neap- Tuks. — 'Y'he sun produce 
a lidi; iis we!! as the moon ; but the I i(ie- producing force 
of llic S.11I1 is only about four-tenths of tlial of tlie moon. 
At new and full moon the two bodies unite their forces, 
the ebb and flow become greater than the average, and 
we liave the spiing-fiiifs. When the r 




Fig. S3. 

or third quarter, [he two forces acl against each olber ; 
the tide-pnxiucing force is the difference of the two ; the 
ebb and flow are less than the average ; and we have the 
neaf- lilies. 

Fig. 86 shows the tide that would be produced by the 
moon alone ; Fig. 87, the tide produced by the combined 
action of the sun and moon ; and Fig, SS, by the sun and 
moon acting at tight angles to each other. 

The tide is affected by the distance of ihe moon from 
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the earth, being highest near the lime when the moon i: 
perigee, and lowest near the time when she is in apogee. I 
When the moon is in perigee, at or near the time of a : 
or full moon, unusually high tides occur. 

76. Diurnal Inequality of Tides. ^'X\\<i lieiglil of the tide ( 
at a given place is influenced by the declination nf llie nn 
\Vlien the moon has no declination, (he highest tides should 
occur along the equator, and the heights should diminish from 
thence toward the north and south ; but the two daily tides at 



any place should have 
north declination, as 
(he side of the earth 
a corresponding 
north latitude. 



; height. When 1 
n Fig. 89, tlie highest tides on 
moon will be at places having 



9, and c 
oppc 




the 

side at ihoM 
which haie in 
equal south hii 
tude Of tlie 
two d-Lily tides 
at an) phce,that 

when the moon 



zenith should be the sjreiteal hence «hen the moon's declina- 
tion IS north the height of the tide at 1 pliLC in north latitude 
should be greater when the moon is abo\e the horizon than 
when she is below it At the same time, plaLCS south of the 
equator have the highest tidei when the moc 
honzon, and the leist when she is above it 
the liturjiiil inequality, becaui-e its cycle la o 
vanes greitl) m amount at different places 

77. Height of Tides. —hx. small islands in mid-oceaa 
the tides never rise lo a great height, sometimes even less 
than one foot ; and the average height of the tides for the 
islands of the Atlantic and Pacific Oceans is only three feet , 



is below the 
fhis is called 
; day; but it 
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and a half. Upon approaching an extensive coast whe 
tlie water is sliallon", the height of tlie tide is increased ; 
that, while in mid-ocean the average height does not e 
three feet and a half, the average in the neighborhood of 
continents is not less than four or five feet. 

The Day and Time. 

78. The Day. — By the term day vi^ sometimes denote I 
the period of sunshine as contrasted with that of the absence I 
of sunshine, which we call night, and sometimes the period j 
of the earth's rotation on its axis. It is with the lat 
signification tliat the term is used in this section. As the J 
earth rotates on its axis, it carries the meridian of a place 
with it ; so that, during each complete rotation of the eartli, 
the portion of the meridian which passes overhead from 
pole to pole sweeps past every star in the heavens from west 
to east. The interoal behveen two successive passages of 
this portion of the meridian across the same star is the 
exact period of the complete rotation of the eartli. This 
period is called a sidereal day. The sidereal day may also 
be defined as the interval between two successive passages 
of the same star across the meridian : the iiassage of the 
meridian across the star, and the passage or transit of thC J 
star across the meridian, being the same thing looked ;U J 
from a different point of view. The interval between lwo\ 
successive passages of the meridian across the sun, or of thth 
sun across the meridian, is called a solar day. 

79. Length of the Solar Day. — The solar day is a litdej 
longer than the siilereal day. This is owing to the si 
eastward motion among the stars. We have already s 
that the sun's apparent position among the stars is continu- 
ally h f ng o a d the east at a rate which causes it to 
make a omple e cuit of the heavens in a year, or three 
hund ei a d s y ftve days. This is at the rate of about 
one A f,^ a d J hence, were the sim and a star on the 
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tneridian tx»gether to-day, when the 
around to the star, the sun would 
appear about one degree to the 
eastward : hence tlie meridian must 
be carried about one degree far- 
ther in order to come up to the 
sun. The solar day must there- 
fore be about four miiiutei longer 
than the sidereal day. 

The fact that the earth must 
make more than a complete rota- 
tion is also evident from Figs. 90 
ajid 91. In Fig. 90, ha represents 
the plane of the meridian, and the 
small arrows indicate the direction ■ 
the earth is rotating on its axis, 
and revolving in its orbit. When '^'s- *°' 

the eartti is at i, the sun is on the meridian at a. .When 




the earth has moved to a, it has made a complet 

OS is shown by the fact that the plane of the meridian is-fl 



;6 
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parallel with its position at i ; but it is evident ttiat 
meridian has not yet come up with the sun. In Fig, 91, 
OA represents the plane of the meridian, and OS the 
of the sun. The small arrows indicaie the direc- 
tion of the rotation and 
revolution of the earth. In 
passing from the firit jiosi- 
tion to the second the 
earth makes a complete 
; rotation, but the meridian 
is not brought up to tlie 

80. J II equality in the 

Length of Solar Days. — 

The sidereal days are ail 

•"« 9=- of the same length ; but the 

soJar days differ somewhat in length. This difference is due 

to the fact that the sun's apparent posirion moves eastward, 

or away Jrom the meriilian, at a variable rate. 

Tliere are three reasons why this rate is variable 

(1) The sun's eastward motion is 
due to the revolulitm of tlie earth 
in its orbit. Now, the earth's orliii.il 
motion is not uniform, being fast- 
est when the earth is at perihelion, 
and slowest when the earth is at 
aphelion ; hence, other things being 
equal, solar days will be longest 
when the earth is at perihelion, 
and shortest when the earth js at 
aphelion. 

(3) The sun's eastward motion ^'^- 93- 

is along the ecliptic. Now, from Figs, ga and 93, it will be 
seen, thai, when the sun is at one of the equinoxes, it will 
be moving away from the meridian obliquely ; and, from Figs. 
94 and 95, that, when the sun is at one of the solstices, it will 
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be moving away from the meridian perpendicularly: hence, 
other things being equal, the sun would move away from the 
meridian yiwCw/, and the days be longest, when the sun is at 
the solstiuij while it would move away from the meridian 
slowest, and the days be shortest, when the sun is at the equi- 
noxes. That a body moving 
along the echptic must be 
moving at a variable angle to 
the meridian becomes very 
evident on turning a celestial 
globe so as to bring each 
portion of the ecliptic under Wf^ 
the meridian in turn. 

(3) The sun, moving along 
the ecliptic, always moves in 
a great circle, while the point 
of the meridian which is to 
overtake the sun moves in a ^ ^ 

diurnal circle, which is some- 
times a great circle and sometitnes a small circle. When the 
sun is at the equinoxes, the point of the meridian which is to 
overtake it moves in a great circle. As the sun passes from 
(he equinoxes to the solstices, 
(he point of the meridian which 
is to overtake it moves on a 
smaller and smaller circle : hence, 
as we pass away from the celes- 
tial equator, the points of the 
meridian move slower and slower. 
Therefore, other things being 
equal, the meridian wii! gain 
upon the sun tnost rapidly, and 
(he dajs be shortest, when the 
sun is at the eguinoxes ; while it 
least rapidly, and the days will be longest. 




will gain < 
when the 



s at the solstices. 



The ordinary or civil day is the raeati of all the soiar 
days in a. year. 
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81. Sun Time and Clock 7>w. — It is noon by the sun 

when the sun is on the meridian, and by the clock at the 
middle of the civil day. Now, as the civil days are all of 
the same length, while solar da}^ are of variable length, it 
seldom happens that the middles of these two days coincide, 
or that sun time and clock time agree. The difference 
l»etween sun time and clock time, or what is often called 
apparent sotar time and mean solar time, is called the equa- 
tion of time. The sun is said to be slow when it crosses the 
meridian after noon by the clock, and fast, when it crosses 
the meridian before noon by the clock. Sun time and clock 
time coincide four times a year ; during two intermediate 
seasons the clock time is ahead, and during two it is behind. 

The following are Ihe datKs of coincidence and of 
mum deviation, which vary but slightly from year to year 
Februaty lo . . . True aun fifteen minutes alow. 
April 15 True sun correct. 

May 14 . . ■ , . True sun four minutes fast. 

J-'H T,...„n comet 

;">I >5 Tm. ..„ .« minm, .tow. 

August 31 ■ . . . True sun correct. 

November z . . . True sun sixteen minutes fast. 

December 24 . . . True sun correcl. 
One of the effects of the equation of time which is fre- 
quently misunderstood is, that the interval from sunrise until 
nooa, as given in the almanacs, is not the same as tliat between 
noon and sunset. The forenoon could not be longer or shorter 
than the afternoon, if by "noon" we meant the passage of the 
sun across the meridian ; but the noon of our clocks being 
sometimes fifteen minutes before or after noon by the sun, the 
former may be half an hour nearer to sunrise than tb sunset, 

The Yeah. 

82. The Year. — The _v^(ir is the time it takes the earth 
to revolve around the sun, or, what amounts to the same 
thing, the time it takes the sun to pass around the ecliptic. 



,„i. I 
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(i) The time it takes the sun to pass from a star around 
to the same star again is called a sidereal year. This is, 
of course, the exact time it takes the earth to make a com- 
plete revolution around the sun. 

(2) The time it takes the sun to pass around from the 
vernal equinox, or the first 
point of Aries, to the vernal 
equinox again, is called the 
tropical year. This is a little 
shorter than the sidereal year, 
owing to the precession of 
the equinoxes. This will be 
evident from Fig. 96. The 
circle represents the ecliptic, 
iS" the sun, and E the vernal 
equinox. The sun moves 
around the eliptic eastward, as indicated by the long arrow, 
while the equinox moves slowly westward, as indicated by 
the short arrow. The sun will therefore meet the equinox 
before it has quite completed the circuit of the heavens. 
The exact lengths of these respective years are : — 




Fig. 96. 





DAYS. 


HOURS. MIN. 


SEC. 


Sidereal year 


. . 365-25636=365 


6 9 


9 


Tropical year . 


, . 365.24220=365 


5 48 


46 



Since the recurrence of the seasons depends on the tropi- 
cal year, the latter is the one to be used in forming the 
calendar and for the purposes of civil life generally. Its 
true length is eleven minutes and fourteen seconds less than 
three hundred and sixty-five days and a fourth. 

It will be seen that the tropical year is about twenty min- 
utes shorter than the sidereal year. 

(3) The time it takes the earth to pass from its perihelion 
point around to the perihelion point again is called the anoma- 
listic year. This year is about four minutes longer than the 
sidereal year. This is owing to the fact that the major axis of 
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the earth's orbit is slowly moving around to the east at the 
rate of about ten seconds a year. This causes the perihelion 
point P (Fig. 97) to move eastward at that rate, as indicated 
by the short arrow. The earth E is also moving eastward, as 
indicated by the long arrow. Hence the earth, on starting at 
the perihelion, has to make a little more than a complete circuit 
(o reach the perihelion point again. 

83, The Calendar. — The solar year, or the interval between 

passages of the same equinox by the sun, 

s 365 days, 5 hours, 4S min- 

, 46 seconds. If, then, 

we reckon only 365 days to 

a common or ci-uil year^'i^e 

sun will come to the equinox 

_ S hours, 48 minutes, 46 sec- 

1U s^ / onds, or nearly a quarter of 

»\ / ^ ''^J'' '^'^^'' ^^^ year; so 

that, if the sun entered Aries 

on the 20th of March one 

year, lie would enter it on 

"s- "- the 21st four years after, on 

the 22d eight years after, and so on. Thus in a comparatively 

short time the spring months would come in the winter, and 

the summer months in the spring. 

Among different ancient nations different methods of com- 
puting the year were in use. Some reckoned it by the revo- 
lution of the moon, some by that of the sun; but none, so 
far as we know, made proper allowances for deficiencies and 
excesses. Twelve moons fell short of the true year, thirteen 
exceeded it; 365 days were not enough, 366 were too many. 
To prevent the confusion resulting from these errors, Julius 
C^sar reformed the calendar by making the year consist of 
365 days, 6 hours (which is hence called a Julian year), and 
made every fourth year consist of 366 days. Thi.i method of 
reckoning is called Old Style. 

But as this made the year somewhat too long, and the error 
in 1582 amounted to ten days, Pope Gregory XIII., in order 
to bring the vernal equinox back to the 2isl of March again, 
ordered ten days lo be struck out of that year, calling the next 
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day after the 4th of October the 15th; and, to prevent similar 
confusion in the future, he decreed that three leap-years should 
be omitted in the course of every four hundred years. This 
way of reckoning time is called New Style, It was immedi- 
ately adopted by most of the European nations, but was not 
accepted by the English until the year 1752. The error then 
amounted to eleven days, which were taken from the month of 
September by calling the 3d of that month the 14th. The Old 
Style is still retained by Russia. 

According to the Gregorian calendar, every year whose num- 
ber is divisible by four \s a leap-year, except, that, in the case 
of the years whose numbers are exact hundreds, those only are 
leap-years which are divisible by four after cutting off the Ictst 
two figures. Thus the years 1600, 2000, 2400, etc., are leap- 
years; 1700, 1800, 1900, 2100, 2200, etc., are not. The error 
will not amount to a day in over three thousand years. 

84. The Dominical Letter. — The dominical letter for any 
year is that which we often see placed against Sunday in the 
almanacs, and is always one of the first seven in the alphabet. 
Since a common year consists of 365 days, if this number is 
divided by seven (the number of days in a week), there will be 
a remainder of one : hence a year commonly begins one day 
later in the week than the preceding one did. If a year of 
365 days begins on Sunday, the next will begin on Monday; 
if it begins on Thursday, the next will begin on Friday ; and 
so on. If Sunday falls on the ist of January, the yfrj/ letter 
of the alphabet, or ^, is the dominical letter. If Sunday falls 
on the 7th of January (as it will the next year, unless the first 
is leap-year), the seventh letter, G, is the dominical letter. If 
Sunday falls on the 6th of January (as it will the third year, 
unless the first or second is leap-year), the sixth letter, F, will 
be the dominical letter. Thus, if there were no leap-years, the 
dominical letters would regularly follow a retrograde order, 
G, F, E, D, C, B, A, 

But ieap-yQ2Lrs have 366 days, which, divided by seven, 
leaves two remainder : hence the years following leap-years will 
begin two days later in the week than the leap-years did. To 
prevent the interruption which would hence occur in the order 
of the dominical letters, leap-years have two dominical letters, 
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Table could be extended indefinitely by continuing the centu- 
ries at the top in the same order. 

To find the dominical letter by this table, look for the hun- 
dreds of years at the top^ and for the years below a hundred^ 
at the left hand. 

Thus the letter for 1882 will be opposite the number 82, 
and in the column having 1800 at the top; that is, it will be A, 
In the same way, the letters for 1884, which is a leap-year, will 
be found to be FE. 

Having the dominical letter of any year, Table II. shows 
what days of every month of the year will be Sundays, 

To find the Sundays of any month in the year by this table, 
look in the column^ under the dominical letter, opposite the 
name of the month given at the left. 

From the Sundays the date of any other day of the week 
can be readily found. 

Thus, if we wish to know on what day of the week Christ- 
mas falls in 1889, we look opposite December, under the letter 
7^ (which we have found to be the dominical letter for the year), 
and find that the 22d of the month is a Sunday ; the 25th, or 
Christmas, will then be Wednesday. 

In the same way we may find the day of the week corre- 
sponding to any date (New Style) in history. For instance, the 
17th of June, 1775, the day of the fight at Bunker Hill, is found 
to have been a Saturday, 

These two tables then serve as ?l perpetual almanac. 

Weight of the Earth and Precession. 

85. The Weight of the Earth, — There are several methods 
of ascertaining the weight and mass of the earth. The sim- 
plest, and perhaps the most trustworthy method is to compare 
the pull of the earth upon a ball of lead with that of a known 
mass of lead upon it. The pull of a known mass of lead upon 
the ball may be measured by means of a torsion balance. One 
form of the balance employed for this purpose is shown in 
Figs. 98 and 99. Two small balls of lead, b and b, are fastened 
to the ends of a light rod ^, which is suspended from the point 
F by means of the thread FE, Two large balls of lead, W 
and W^ are placed on a turn-table, so that one of them shall 
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be just in front of one of Ihe small balls, and the other ji 
behind the other small ball. The pull of the large balls turn 
Ihe rod around a little so as to bring the srnall balls ne 
large ones. The small balls move towards the large c 




they are stopped by the torsion of the thread, which i 
equal to the pull of [he large balls. The deflection of the r 
is carefully measured. The table is then turned into the posM 
tioD indicated by the dotted lines in Fig, 99, so as lo rev 
the position of the large balls with reference to the small c 




The rod is now deflected in the opposite direction, and th*'^ 
amount of deflection is again carefully measured. The sec 
measurement is made a-; a check upon the accuracy of the first I 
The force required to twist the thread as much as it 
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twisted by the deflection of the rod is ascertained by r 
menl. This gives the pull of the two large balls upon the two 
small ones. We next calculate what this pull would be were 
the balls as far apart as the small balls are from the centre of 
Uie earth. We can then form the fallowing proportion ; the 
pull of the large balls upon tlie small ones is to the pull of the 
tarth upon the small ones as the mass of the large halls is to 
(he mass of the earth, or as the weight of the large balls is 
to the weight of the earth. Of course, the pull of the earth 
upon the small balls is the weight of the small balls. In this 
way it has been ascertained that the mass of the earth is about . 
5.6 times that of a globe of water of the same size. In otber^ 
words, the mean density of the earth is about 5.6. 

The weight of the earth in pounds may be found by multf- I 
plying the number of cubic feet in it by 62^ (the weight, in I 
pounds, of one cubic foot of water), and this product by 5.6. 

86. Cause of Precisiioa. — We have seen that the earth i 
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flattened at the poles; in other words, the earth has the form 
of a sphere, with a protuberant ring around its equator. This 
equatorial ring is inclined to the plane of the ecliptic at an angle 
of about 33^°. In Fig. 100 this ring is represented as detached 
from the enclosed sphere. J represents the sun. and Sc the 
ecliptic. As the point A of the ring is nearer the sun than the 
point B is, the sun's pull upon A is greater than upon B: 
hence the sun tends to pull the ring over into the plane of the 
ecliptic; but the rotation of the earth tends to keep the ring in 
the same plane. The struggle between these two tendencies 
' causes the earth, to which the ring is attached, to wabble like 



a spinning-top, whose 1 
gravity lends to pull it ovei 
gyratory motion, which cause 
of the heavens corresponds t. 



tends to keep it erect, while 
The handle of the top has a 

it to describe a curve. 

the handle of the top. 



ASTRONOMY, 



II. THE MOON. 

Distance, Size, and Motions. 
87, The Distance of the Moon. — The moon is the near- 
est of the heavenly bodies. Its distance from the centre of 
the earth is only about sixty times the radius of the earth, 
or, in round numbers, two hundred and forty thousand miles. 
The ordinary method of finding the distance of one of the 
nearer heavenly bodies is first to ascertain its horizontal par- 
allax. This enables us to form a right-angled triangle, the 
lengths of whose sides are easily compuled, and the length of 
whose hypotheniise is the distance of the body from the centre 
of the earth. 

Horizontal parallax has already been defined (32) as the disr 
placement of a heavenly 
body when on die horizon, 
) caused by its being seen 
from the surface, instead of 
the centre, of the earth. 
This displacement is due 
to the fact that the body is seen in a different direction from 
the surface of the earth from that Id which it would be seen 
from the centre. Horizontal parallax might be defined as the 
difference in the directions in which a body on the horizon 
would be seen from the surface and from the centre of the 
earth. Thus, in Fig. 101, C is the centre of the earth, A a 
point on the surface, and B a body on the horizon of A. AB 
is the direction in which the body would be seen from A, and 
CB the direction in which it would be seen from C. The dif- 1 
ference of these direcdons, or the angle ABC,'\s the parallaj 
of the body. 

The triangle BA C is right-angled at A j the side .^ C is th« 
radius of the earth, and the hypolhenuse is the distance of the ( 
body from the centre of the earth. When the parallax /I ifC J 
is known, the length of CB can easily by found by trigone- ' 
metrical computation. 

We have seen (32) that the parallax oi a heavenly body 



ASTRONOMV. 



grows less and less as ihe body passes from the horizoiJ 
towards the zenith, The parallax of a body and its altitui' 
are, however, so related, that, when we know the parallax 
any altitude, we can readily compute ihe horizontal parallax. 

The usual method of finding the parallax of one of tl 
nearer heavenly bodies is tirst to find its parallax when on tl 
meridian, as seen from two places on the earth which differ ' 
considerably in latitude; then to calculate what would be the 
parallax of the body as seen from one of these places and the 
centre of the earth ; and then finally to calculate what would 
be the parallax were the body on (he horizon. 

Thus, we should ascertain tlic parallax of the body S (FfgJ 
loz) as seen from A and D, or the angle ABD. We shoul" 
then calculate its parallax as seen from A and C, o 
ABC. Finally we should calculate what its parallax would b 
were the body on the horizon, or the angle AB'C. 

The simplest method of 
finding the parallax o! 
body B (Fig. I02) as s 
from the two [X)ints A and I 
iJ is to compare its dii 
tion at each point with thai 
of the same fixed star near 
the body. The star is so 
distant, that it will be seen 
in the same direction from 

both points: hence, if the "^' ""' 

direction of the body differs from that of the star 2° as se 
from one point, and 2° & as seen from the other point, the t 
lines AB and DB must differ in direction by 6'; in olherj 
words, the angle A BD would be 6'. 

The method just de.scribed is the usual method of findiagH 
the parallax of tlie moo 

88. The Apparent Sizr of the Moan.— 'Yht apparent nuM 
of a body is the visual angle subtended by it ; that is, 1 
angle formed by two lines drawn from the eye to two oppo-B 
site points on the outline of the body. The apparent s 
of a body depends upon both its magnitude and its distanct\ 
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The apparent size, or angular diameter, of the moon is 
about thirty-one minutes. Iliis is ascertained by means of 
the wire micrometer already described (19). The instru- 
ment is adjusted so that its longitudinal wire shaE pass 
through the centre of the moon, and its transverse wires \ 
shall be tangent to the limbs of the ■ 
moon on each side, at the point I 
where t)iey are cut by the longitu- f 
dinal wire. The n 
is then turned till the wires are "j 
brought together. The number of J 
turns of the screw needed to i 
plish this will indicate the a 
tween the wires, or the angular^ 
"^'^ '°"" diameter of the moon. 

In order to be certain that the longitudinal wire shall f 
through the centre of the moon, it is best to take the n 
when its disc is in the form of a crescent, and to place 





longitudinal wire against the ])oints, or cusps, of the c 
as shown in Fig. 103. 

89. The Real Site of the Moon. — The real diameter of 
the moon is a little over one-fourth of that of the earth, or 
a little more than two thousand miles. The comparative 
sues of the earth and moon are shown in Fig. 104. 
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The distance and. apparent size of the moon being known, 
her real diameter is found by means of a triangle formed as 
shown in Fig. 105. C represents the centre of the moon, CB 
the distance of the moon from the earth, and CA the radius of 
the moon. BAC'is a triangle, right-angled at A, The angle 
ABC is half the apparent 
diameter of the moon. 
With the angles A and B, 
and the side CB known, it 
is easy to find the length 
of AChy trigonometrical ^' *°^* 

computation. Twice A C will be the diameter of the moon. 

The volume of the moon is about one-fiftieth of that of 
the earth. ^ 

90. Apparent Size of the Moon on the Horizon and in 
the Zenith, — The moon is nearly four thousand miles far- 
ther from the observer when she is on the horizon than 
when she is in the zenith. This is evident from Fig. 106. 
C is the centre of the earth, M the moon on the hori- 
zon, M' the moon in the 
zenith, and O the point of 
observation. OM is the 
distance of the moon when 
she is on the horizon, and 
OM' the distance of the 
moon from the observer 
when she is in the zenith. 
CJ/ is equal to CM\ and 
OM h about the length of CM; but OM^ is about four 
thousand miles shorter than CM' : hence OM* is about 
four thousand miles shorter than OM. 

Notwithstanding the moon is much nearer when at the 
zenith than at the horizon, it seems to us much larger at the 
horizon. 

This is a pure illusion, as we become convinced when we 
measure the disc with accurate instruments, so as to make the 




Fig. 106. 
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reaiill independent of our onlinarv way of judging. When tbe 
moon is near the horiion, il seems placed beyond al! llie objeeLt 
on the surface of llie earih in ihat direction, and tiierefore far- 
ther off than at tlie zenith, where no intervening objects enable 
us lo judge of its distance. In any case, an object which keeps 
the same apparent magnitude aeems lo us, through the inslinc- 
live habits of the eye. llie larger in proportion as we judge it 
lo be more distant. " 

91. The Apparent Size of the Moon inaeastd by IrraHia- 
lien. — In the case of the moon, the word apparent means mDch 
more than it does in the case of other celestial bodies. Indeed, I 
its brightness causes our ejes to play us false. As is wetlV 
Itnown. the crescent of the new moon seems part of a much J 




larger sphere than that which it has been said, time 01 

to "hold in its arms," The bright portion of the mo 

with our measuring instruments, as well as when seen with tbej 

naked cj-e, covere a lai^r space in the field of the teiesco 

than it iioutd if it were not so bright. This effect of irroMm^ 

fitn, as i( is called, must be allowet) for in e> 

of the dianteter of the moon. . 

91. Apparent Site rf tkt M<vm im Difetmf fljrb , 
krr Orhit. — Owing lo llw cif entricity of the moon's oitiA;V 
her distance from the e^uth rarirs JMiteu-hat ftx>tn time to) 
litne. Tltis ^-ariation ratises « ron>es(toiwiing varMtioo i 
bcr appatent size, which is illustrated in Fig. 107. 

93. TTit Mass ij/ A* M**m. — The moon is considerabhf 
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leas dense than the earth, its mass being only about one- 
eightieth of that of the earth ; that is, while it would take | 
only about fifty moons to make the bulk of the earth, 
would take about eighty to make the mass of the earth. 

One metliod of finding the mass of the moon is lo compare I 
her effect in producing the tidts with ihat of the sun. We 
first calculate what would be the moon's effect in producing the 
tides, were she as far off as the sun. Wc ttieti form the follow- 
ing proportion ; as the sun's effect in producing the tides is to 
Ihe moons effect at the same distance, so is the mass of the 
sun lo the mass of the moon. 

The methnd of finding the mass of Ihe sun will be given 1 
farther on. | 

94. The Orbital Motion of Oie Moon. — If we watch | 
the moon from night to night, we see [hat she moves east- 
ward quite rapidly among the slars. When ihe new moon 

is first visible, it appears near the horizon in the west, just 
after sunset. A week later the moon will be on the meridian 
at the same hour, and about a week later still on the eastern 
horizon. The moon completes the circuit of the heavens 
in a period of about thirty days, moving eastward at the , 
rate of about twelve degrees a day. This eastward motion , 
of the moon is due to the fact that she is revolving around , 
ihe earth from west to east. 

95. The Aspects of the Moon.— As, the moon revolves | 
around the eailh, she comes into different positions with < 
reference to the earth and sun. lliese different positions of | 
the moon are called the aspetts of the moon. The four 
chief aspects of the moon are shown in Fig. 108. When 1 
the moon is at M, she appears in tlie opposite part of the ■ 
heavens to the sun, and is said to be in opposition ; whe 
M' and at Af", she appears ninety degrees away from the 
sun, and is said to be in quadrature ; when at M", she 
appears in the same part of the heavens as the sun, am 
said to be in conjunction. 
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96. The Sidereal and Synodical Periods of the Moffn." 
The sidereal period of the moon is Ihe time it takes her to 1 
5 around from a star to tliat star again, or the time it J 
takes her to maki \ 
a complete revolutionA 
around the eartk.X 
This is a period,-! 
of about twenty-seveftB 
I days and a third, 
is sometimes cal 
the sidereal month. 

The synodieal peri^^ 

od of the moor 

time that it takes the I 

'*■ "*■ moon to pass from i 

one aspect around to the same aspeet again. This i 

period of about twenty-nine days and a half, and it is some- | 

times called the synodical month. 





The reason why the synodical period is longer than the 1 
sidereal period will appear from Fig. 109. >S" represents the I 
position of the sun, E that of the earth, and the sn 
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circle the orbit of the moon around the earth. The arrow 
in the small circle represents the direction the moon is 
revolving around tlie earth, and the arrow in the arc between 
E and E' indicates the direction of the earth's motion in 
its orbit. When the moon is at J/j, she is in conjunction. 
As the moon revolves around the earth, the earth moves 
forward in its orbit. Wlien the moon has come round to 
Ml, so that w.imi is parallel witli M^M,, she will have made 
a complete or ddertal revolution around the earth ; but 
she will not be in conjunction again till she has come round 
to M. so as again to be between the earth and sun. That 




is to say, tlie moon musi make mure than a complete revo- 
lution in a synodiL.d period 

The greater length o£ the s\ nodical period is also evident 
from Fig. i to. T represents the earth and L the moon. The 
arrows indicate the directinn in whiLh eath is moving. When 
the earth is at T ind the moim at L (lie latter is in conjunc- 
tion. When the earth I as reached T, and the moon L', the 
latter ha3 made a sidL-real revolution ; hut she will not be 
in conjunction again till the carl!: has reached T", and the 

97. Tin Phases of the Moon. — When the new moon 
appears in the west, it has the form of a crescent, witli its 
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convex side towards the sun, and its lioms towards the e 
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As the muoii iulviiiiits towards iiuaiin*'^"^. the crescent ' 
grows thicker and thicker, till it becoiu'^s a kalf-circU at 
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first quMter. When it passes quadrature, it begins to become . 
convex also on the side away from the s\in, or gibbous in ' 
form. As it approaches opposition, it becomes more and 
more nearly circular, until at opposition it is a /«// circle. 
From full moon to last quarter it is again gibbons, and at 
last quarter a half-circle. From last quarter to new moon | 
it is again crescent ; but the horns of the crescent are now I 
turned towards the west. The successive phases of the 
moon are shown in Fig. in. 

9&. Cause of th^ Phases of the Moon. — -Take a globe, 
hair of which is colored white and the other half black in 
such a way that the line which separates the white and black 
portions shall be a great circle which passes through the 
poles of the globe, and rotate the globe slowly, so as to 
bring the white half gradually into view. When the white 
part first conies into view, the line of separation between 
it and llie black part, which we may call the teniiinator, 
appears concave, and its projection on a plane perpendicular 
to the line of vision is a concave line. As more and more 
of the white portion comes into view, the projection of the 
terminator becomes less and less concave. When half of 
the white portion comes into view, the lerminalor is pro- 
jected as a straight line. When more than half of the white 
portion comes into view, the terminator begins to appear as 
a convex line, and this line becomes more and more convex 
till the whole of the white half comes into view, when the 
terminator becomes circular. 

The moon is of itself a dark, opaque globe ; but the half 
that is towards the sun is always bright, as shown in Fig. n2. 
This bright half of the moon corresponds to the while half ' 
of the globe in the preceding illustration. As the moon 
revolves around the earth, different portions of this illumined 
half are turned towards the earth. At new moon, when the 
moon is in conjunction, the bright half is turned 
away from the earth, and the disc of the moon is black 
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invisible. Between new moon and first quarter 
lialf of the illumined side is turned towards the earth, and 
we see tiiis illumined portion projected as a crescent. , At 
first quarter, just half of the illumined side is turned towards 
the eacth, and we see this half projected as a half-circle. 




Between first quarter and full, more than half of the illu- 
mined side is turned towards the earth, and we see it as 



gibbous, 
towards 
moon ayain, the pli 



At full, the whole 



if the illumined side is turned 
full circle. From full to new 
in ihc reverse order. 
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99. The Form of the Moon's Orbit. — The otbit of the 
moon around the earth is an ellipse of slight eccentricity. 
The form of this ellipse is shown in Fig. 113. C is the , 
centre of the ellipse, and E the position of the earth at < 
of its foci. The eccenlricity of the ellipse is only about 1 
one- eighteenth. It is impossible for the eye to distinguish I 
such an ellipse from a circle. 

100. The Inclinalion of the Moon's Orbit. — Tlie plane 




of the moon's orbit is inclined to the echptic by an angle 
of about five d(.'grees. The two points where the moon's 
orbit cuts the ecliptic are called her nodes. The moon's 
nodes have a westward motion corresponding to that of the 
equinoxes, but much more rapid. They complete the t 
cuit of the ecliptic in about nineteen years. 

The moon's latitude ranges from 5° north to s° south; J 
and since, owing lo the motion of her nodes, the moon is, 1 
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during a period of nineteen years, 5° north and 5° south of 
every part of the ecliptic, her declination will range from 
'3i° + S" = 2H° nortl' to ^3^ + 5° = ^H" '■ 

iDi. The Mrridian Altitude of the Moon. — The merit/iatg^ 
altitude of any body is its altitude when on the meridiar 
In our latitude, the meridian altitude of any point on ihc'l 
equinoctial is forty-nine degrees. The meridian altitude of 
the summer solstice is 49° + 23^° = 725°, and that of the 
winter solstice is 49° — 23^° = 25^°. The greatest meridian 
altitude of the moon is 72^° -(- 5° = 77^°! 3"d its least 
meridian altitude, 25 5° — 5° = 20 J°. 

When the moon's meridian altitude is greater than the 
elevation of the equinoctial, it is said to run high, and when 
less, to run low. The full moon runs higli when the sun is 
south of the equinoctial, and low when the sun is north of 
the equinoctial. This is because the full moon is always in 
the opposite part of the heavens to the sun. 

loz. Wet and Dry Moon. — PA (he lime of new moon, the 
cusps of the crescent sometimes lie in a line which is nearly 
perpendicular with the horizon, and sometimes in a line which 
is nearly parallel with the horizon. In the former case the 
moon is popularly describefl as a -uiet moon, and in the latter 

The great circle 
which passes through 
the centre of the sun . 
,iiid moon will pass 
ihrough Ihe ( 




the 1 






perpendicular to the 
line joining llie cusps. 
Now the ecliptic makes 
Ihe least angle with the horizon when the vernal equinox is 
on the eastern horizon and the autumnal equinox is on the 
, this angle is 2sJ° : 
new on the echptic 



western. In our latitude, 
hence in our latitude, if the 
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when the sun is at (he autumnal equinox, as shown at Mt 
{Fig. 114), the great circle passing through the centre of the 
sun and moon would be the ecliptic, and at New York would 
be inclined to the horizon at an angle of 25^°. If the moon 
happened to be 5° south of the ecliptic at this time, as at 
Mn the great circle pass- 
ing through the Ci 



the s 






igle 1 



n would 



aoj" with the horizon. 
In either of these cases 
the line joining the cusps 
would be nearly perpen- 
dicular to the horizon. 

If the moon were at 
new on the ecHpiic when 
the sun is near the vernal 



equin 






;t JJA 




(Fig. iij), the great circle 

passing through the centres of Ibe siin and niooQ would make 
an angle of 72^° with the horizon at New Vork ; and were the 
moon 5" north of the ecliptic at that time, as shown at Mi, this 
great circle would make an angle of 77^° with the horizon. In 
either of these cases, the line joining the cusps would be nearly 
parallel with the horizon. 

At different times, the line joining the cusps maj- have every 
possible inclination lo the horizon between the extreme cases 
shown in Figs. [[4 and 115. 

103, Daily Retardation of tin Moon's Rising. — The 
moon rises, on the average, about fifty minutes later each 
day. This is owing to her eastward motion. As the moon 
makes a complete revolution around the earth in about 
twenty-seven days, she moves eastward at the rate of about 
thirteen degrees a day, or about twelve degrees a day faster 
than the sun. Were the moon, therefore, on the horizon 
at any hour to-day, she would be some twelve degrees below 
the horizon at the same hour to-morrow. Now, as the hori- 



ICX> 
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zon moves at the rate of one degree in four minutes, il 
would lake it some lifty minutes to come up to the moon so 
as to bring her upon the horizon. Hence the daily retarda- 
tion of the moon's rising is about fifty minutes ; but it 
varies considerably in differ- 
ent parts of her orbit. 

There are two reasons for 
this variation in the daily 
retardation; — 

(I) The moon moves at a 
varying rate in her orbit j her 
speed being greatest at perigee, 
and least at apogee : hence, 
'■'■ other things being equal, the 

retardation is greatest when 
the moon is at perigee, and least when she is at apogee. 

(2) The moon moves at a varying angle to the horizon. 
The moon moves nearly in the plane of the ecliptic, and of 
course slie passes both equinoxes every lunation. 




r path makes the greatest 
, and when she i 



- the autumnal i 
angle with the eastern horizor 
vernal equinox, the least angle : 
hence the moon moves away 
from the horizon fastest when 
she is near the autumnal equi- 
nox, and slowest when she i; 
near the vernal equinox. Thi: 
will be evident from Figs. Ii6 
and 117. In each figure, SN 
represents a portion of the 
eastern horizon, and Ec, E'c', 

■A portion of the eciiptic. A E, __ 

in Fig. 116, represents Ihe autumnal equinox, and AE M the 
daily motion of the moon. yE, in Fig. 117, represents the 
vernal equinox, and t^E Af the motion of the moon for one 
day. In the first case this motion would carry the moon away 




from the horizon the distance A Af, and ii 



the 



; the 
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distance A'Af. Now, il is evidenl'fbat AM is greater than 
A 'M': hence, other things being equal, Ae greatest retardation 
of the moon's rising will be when the tnoon-Js-near the autum- 
nal equinox, and the least retardation when the- moon is near 
the vernal equinox. ' -■,'■ 

The least retardation at New York is twenty-three miniites, 
and the greatest an liour and seventeen minutes. Tht great- 
est and least retardations vary somewhat from Tn6n,th to 
month : since they depend not only upon the position o!'-t!io' - 
moon in her orbit with reference to the equinoxes, but also' 




npon the latitude of the moon, and upon her nearness to 
the earth. 

The direction of the moon's motion with reference to 
the ecliptic is shown in Fig. ii8, which shows the moon's 
motion for one day in July, 1876. 

104. The Harvest Moon. — The long and short retarda- 
tions in the rising of the moon, though they occur every 
month, are not likely to attract attention unless they occur 
at the time of full moon. The long retardations for full 
moon occur when the moon is near the autumnal equinox 
at full. As the full moon is always opposite to the sim, the 
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■un must in this case' be near the vernal equinox : hence 
the long retardatjOiw'fc* full moon occur in the spring, the 
greatest retardgtioh. Being in March. 

The lea^fc.ret.^dations for full moon occur when the moon 
is near thp'v'emai equinox at full: the sun must then be 
near_the'auiumnal equinox. Hence the least retardations for 
fu]l nloon occur in the months of August, September, and 
.Oj^eiJer. The retardation is, of course, least for September ; 
r,;-iOirf the full moon of this month rises night after night Jess 
,_"than half an hour later than the previous night. The full 
moon of September is called the " Harvest Moon," and that 
of October the " Hunter's Moon." 

105. T/ie Rotation of the Moon. — A careful examina- 
tion of the spots on the disc of the moon reveals the fact 
that she always presents the same side to the earth. In 
order to do this, she must rotate on her axis while making a 
revolution around the earth, or in about twenty-seven days. 

106. LibraHom of (he J/oon. — The moon appears lo 
rock slowly to and fro, so as to allow us to see alternately a 
little farther around to the right and the left, or above and 
below, than we otherwise could. This apparent rocking of 
the moon is called ttbration. The moon has three Ubra- 
tions r — ■ 

(i) Libration in Latitude. — This libration enables us 
to see alternately a iittle way around on the northern and 
southern limbs of the moon. 

Tliis libration is due to the fact that the axis of the moon 
is not quite perpendicular to the plane of her orbit. The 
deviation from the perpendicular is six degrees and a half. As 
the axis of the moon, like that of the earth, maintains the same 
direction, the poles of the moon will be turned alternately six 
degrees and a half toward and from the earth. 

(a) Libration in Longitude. — This libration enables us 
to see alternately a little farther around on 
western lirabs of the moon. 
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It is due to the fact that the moon's axial motion is uniform, 
while her orbital motion is not. At perigee her orbital motion 
will be in advance of her axial motion, while at apogee the 
axial motion will be in advance of the orbital. In Fig. 119, 
E represents the earth, M the moon, the large arrow the 
direction of the moon's motion in her orbit, and the small 
arrow the direction of her motion of rotation. When the 
moon is at M, the line AB, drawn perpendicular to EAf, 
represents the circle which divides the visible from the invisible 
portion of the moon. While the moon is passing from M to 
M', the moon performs less than a quarter of a rotation, so 
that -^ ^ is no longer perpendicular to EM', An observer on 
the earth can now see 
somewhat beyond A on 
the western limb of 
the moon, and not quite 
up to B on the eastern 
limb. While the moon 
is passing from M' to "M 
M", her axial motion 
again overtakes her or- 
bital motion, so that the 
line A B again becomes 
perpendicular to the 
line joining the centre 
of the moon to the 




Fig. 119. 



centre of the earth. Exactly the same side is now turned 
towards the earth as when the moon was at M, While the 
moon passes from M" to M'"^ her axial motion gets in advance 
of her orbital motion, so that A B \s again inclined to the line 
joining the centres of the earth and moon. A portion of the 
eastern limb of the moon beyond B is now brought into view 
to the earth, and a portion of the western limb at A is carried 
out of view. While the moon is passing from M'" to M, the 
orbital motion again overtakes the axial motion, and AB is 
again perpendicular to ME. 

(3) Parallactic Libration, — While an observer at the 
centre of the earth would get the same view of the moon, 
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whether she were on the eastern horizon, in the zenith, 
or on the western horizon, an observer on the surface of 
the earth does not get exactly tlie same view in these 
three cases. When the moon is on the eastern horizon, 
an observer on the surface of the earth would see a little 
farther around ori the western limb of the moon than when 
she is in the zenith, and not quite so far around on the east- 
ern limb. On the contrary, when the moon is on the 
western horizon, an observer on the surface of the earth 
sees a little farther around on the eastern limb of the moon 
than when she is in the zenith, and not quite so far around 



This will be evident from Fig. 



E is the centre of 
the earth, and O a 
point OD its surface. 
An\% aline drawn 
through Ihe centre 
of the moon, per- 
pendicular to a line 
joining the centres 
of the moon and 
the earth. This line 
marks off the part 
of the moon turned 
towards the centre 
of the earth, and re- 
mains essentially the same during the day. CD is a line drawn 
through the centre of the moon perpendicular to a line joining 
the centre of the moon and the point of observation. This 
line marks off the part of the moon turned towards O. Wlien 
the moon is in the zenith, CO coincides with ^,ffv but, when 
the moon is on the horizon, CD is inclined lo A B. When the 
moon is on Ihe eastern horizon, an observer at O sees a little 
beyond B. and not quite to A; and, when she is on the western 
horizon, he sees a little beyond A, and not quite to B. B is 
on the western limb of the moon, and A on her eastern limb. 
Since this hbration is due to the point from which the moon 
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is viewed, it is called parallactic libration ; and, aince it occurs 
daily, it is called diurnal \\hia.f\Qji. 

107. Portion of the Lunar Surface brought into View by 
Libration. — The area brought into view by the first two libra- 
tions is betweea one-twelfth and one-thirteenth of the whole 
lunar surface, or nearly one-sixth of the hemisphere of the moon 
which is turned away from the earth when the moon is at her 
libration. Of course a precisely equal portion 




of the hemisphere turned towards us during mean libration is 
carried out of view by the lunar librations. 

If we add to each of these areas a fringe about one degree 
wide, due to the diurnal libration, and which we may call the 
parallactic fringe, we shall find that the total area brought into 
view is almost exactly one-eleventh part of the whole surface 
of the moon. A similar area is carried out of view; so that 
the whole region thus swayed out of and into view amounts 
to two-elevenths of the moon's surface. This area is sliowtt 
in Fig. 121, which is a side view of the moon. 
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io8. Tht Moon's Path through Space. — VitTt the earfli 
starionary, the moon would describe an ellipse around it similar 
to that of Fig. 113; but, as the earth moves forward in her 



orbit at the same time that tlie moon revolves around it, the 
moon is made to describe a sinuous path, as shown by the 
continuous Une iu Fig. izz. This feature of the moon's path is 




greatly exaggerated in the upper portion of the diagram, 
form of her path is given with a greater degree of accuracy in 
the lower part of the figure {the broken line represents the path 
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o£the earth); but even here there is considerable exaggerati 
The complete serpentine path of tlic moon around the sun 
shown, greatly exaggerated, in Fig. 123, the broken line being 
the path of the earth. 

The path described by the moon through space is much th*' 
same as that described by a point on the circumferei 
wheel which is rolled over another wheel. If ive plai 
cular disk against the wall, and carefully roll along its edge 
another circular disk (lo which a piece of lead pencil has been 



4 




fastened so as to mark upon the wall), the 
somewhat resemble that described by the 
is called an epicycloid, and it will be seen 
it is concave towards the 
same way the moon's orbit 



The exaggeration of the sinuc 
evident when it is stated, that, 1 



e described will 



t at every point 
of the larger disk. In the 
every point concave towards 



ity in Fig. 123 will be more 
1 the scale of Fig. 124, the 
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whole of the seipentine curve would iie within the breach rf-" 

the fine circular line MM'. 

109. The Lunar Day. — The lunar day is twenty-nine 
times and a half as long as the terrestrial day. Near the 
moon's equator the sun shines without intermission nearly 
fifteen of our days, and is absent for the same length of 
time. Consequendy, the vicissitudes of temperature to 
which the surface is exposed must be very great. During 
the long lunar night the temperature of a body on the 
moon's surface would probably fall lower than is ever known 
on the earth, while during the day it must rise higher than 
anywhere on our planet. 




It might seem, that, since the moon rotates on her axis in 
about twenty-seven days, the lunar day ought to be twenty- 
seven days long, instead of twenty-nine. There is, however, 
a solar, as well as a sidereal, day at the moon, as on the earth i 
and the solar day at the moon is longer than the sidereal day, 
for the same reason as on the earth. During the solar day the 
moon must make both a synodical rotation and a synodical 
rtvolutioit. This will be evident from Fig. I2j, in which is 
shown the path of the moon during one complete lunation. 
E, E\ E", etc., are the successive positions of the earth ; and 1 
I, 2, 3, 4, J, the successive positions of the moon. The small ' 
arrows indicate the direction of the moon's rotation. The 
moon is full at i and 5. At 1, A, at the centre of the moon's 
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disk, will have the sun, which lies in the direction A S, upon the 
meridian. Before A will again have the sun on the meridian, 
the moon must have made a synodical revolution; and, as will 
be seen by the dotted lines, she must have made more than a 
complete rotation. The rotation which brings the point A into 
the same relation to the earth and sun is called a synodical 

It will also be evident from this diagram that the moon must 
make a synodical rotation during a synodical revolution, in 
order always 10 present the same side to the earth. 

110. The Earth as seen from the Moon. — To an ob- 
server on the moon, the earth would be an immense moon, 
going through the same phases that the moon does to us ; 
but, instead of rising and setting, it would only oscillate to 
and fro through a few degrees. On the other side of the 
moon it would never be seen at all. The peculiarities of 
the moon's motions which cause the Ubratious, and make a 
spot on the moon's disk seem to an observer on the earth 
to oscillate to and fro, would cause the earth as a whole to 
appear to a lunar observer to oscillate to and fro in the 
heavens in a similar manner. 

It is a well-known fact, that, at the time of new moon, the 
dark part of the moon's surface is partially illumined, so 
that it becomes visible to the naked eye. This must be due 
to the light reflected to the moon from the earth. Since at 
new moon the moon is between the earth and sun, it follows, 
that, when it is new moon at the earth, it must be full earth 
at the moon : hence, while the bright crescent is enjoying 
full sunlight, the dark part of its surface is enjoying the 
Ught of the full earth. Fig. 126 represents the full earth as 
seen from the moon. 

The Atmosphere of the Moon. 

111. The Moon has no Appreciable Atmosphere. — There 
are several reasons for believing that the moon has little 01 
no atmosphere. 
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( I ) Had ilie moon an atmosphere, it would be indicated 
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sidcrable density, it would absorb a part of the sun's rays, 
so as to produce a dusky border in front of the moon's disk, 
as shown in Fig. 127. In reality no such dusky border is 
ever seen ; but the limb of the moon appears sharp, and 
clearly defined, as in 
Fig. 128. 

If the atmosphere 
were not dense enough 
to produce this dusky 
border, its refraction 
would be sufficient 
to distort the deli- 
cate cusps of the 

manner shown at 
the top of Fig. 125 ; 
but no such distortion is ever observed. The cusps always 
appear clear and sharp, as shown at the bottom of the figure ; 
hence it would seem that there can be no atmosphere of 
appreciable density at the I 

(2) The absence of a 
atmospliere from the moon 
is also shown by the ab- 
sence of twilight and of 
diffused daylight. 

Upon the earth, twilight ' 
continues until the s 
eighteen degrees below the 
horizon : that is, day and 
"^' ""' night are separated by a. 

belt twelve hundred miles in breadth, in which the transition 
from light to darkness is gradual. We have seen (66) that 
this twilight results from the refraction and reflection of 
light by our atmosphere ; and, if the moon had an atraos- 
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phere, we should notice a similar gradual transition from 
the bright to the dark portions of her surface. Such, how- 
ever, is not the case. The boundary between the light and 
darkness, though irregular, is sharply defined. Close to this 
boundary the imiUumined portion of the moon appears just 
as dark as at any distance from it. 

The shadows on the moon are also pitchy black, without 
a trace of diffused daylight. 

(3) The absence of an atmosphere is also proved by the 
absence of refraction when the moon passes between us and 
the slars. Let ^5 (Fig. 129) represent the disk of the moon, 
and CD an atmosphere supposed lo surround it. \.tX.SAE 
represent a straight line from the earth, touching the moon at 
A, and let .S* be a star situated in the direction of this line. If 
>on had no 



atmospliere, this 
star would appear 
to louch the edge 
of the moon at 
A; but, i£ the 




1 had a 
r behind the edge of the moon, at .S"', would 
be visible at the earth ; for the ray S' A would be bent by the 
atmosphere into the direction .^i"'. So, also, on the opposite 
side of the moon, a star might be seen at the earth, although 
really behind the edge of the moon : hence, if the moon had an 
atmosphere) the time during which a star would be concealed 
by the moon would be less than if it had no atmosphere, and 
the amount of this etifect must be proportional to the density 
of the atmosphere. 

The moon, in her orbital course across the heavens, is con- 
tinually passing before, or accuUing, some of the stars that so 
thickly stud her apparent path ; and when we see a star thus 
pass behind the lunar disk on one side, and come out again on 
the other side, we arc virtually observing the selling and rising 
of thai star upon the moon. The moon's apparent diameter 
has been measured over and over again, and is known with 
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great accuracy; the rale of her motion across the sky is alaoj 
known with perfect accuracy : hence it is easy to calculate how^ 
long the moon will, take to travel across a part of the sky M 
exactly equal in length to her own diameter. Supposing, t' 
that we observe a star pass behind the moon, and out again, T 
is clear, that, i£ there is no atmosphere, the interval of ti 
during which it remains occulted ought to be exactly equal t 
the computed time whiih the moon would take to pass i 
star. If, however, from the existence of a lunar atmosphere.^ 
the star disappears too late, and re-appears too soon 
have ^een it would, these two intervals wil! not agree ] the com-B 
puled time will be greater than the observed lime, and ths] 
difference will represent the amount of- refraction the 
light has sustained or suffered, and hence the extent of a 
phere it has had to pass through. 

Comparisons of these two intervals of time have 
repeatedly made, the most extensive being executed undi 
direction of the Astronomer Royal of England, several years 
ago, and based upon no less than two hundred and ninety- 
six occultation observations. In this determination the meas- 
ured or telescopic diameter of the mooc was compared with 
the diameter deduced from the cccultations ; and it was found 
that the telescopic diameter was greater than the occultation 
diameter by two seconds of angular measurement, or by about. . 
a thousandth part of the whole diameter of the mooi 
discr*!pancy is probably due, in part at least, to irradiation (gifl 
which augments the apparent she of the moon, as seei 
telescope as well a.s with the naked eye ; but, if the whole t 
seconds were caused by atmospheric refraction) this would 
imply a horizontal refraction of one second, which is only on£j 
two-thovis.indth of the earth's horizontal refraction. I' 
sible thai an atmosphere competent to produce this refractiol 
would not make itself visible in any other way. 

But an atmosphere two thousand times rarer than 
can scarcely be regarded as an atmosphere at all. The coi 
tents of an air-pump receiver can seldom be rareiied to 
greater extent than to about a thousandth of the density of a 
at the earth's surface ; and the lunar atmosphere, if it existSig 
at all, is thus proved to be twice as attenuated as what i 
commonly call a vacuum. 
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The Surface of the Moon. 
112. Dusky Patches on the Dish of the Moon.- 
the naked eye, large dusky patches are seen on the 
in which popular fancy has detected a resemlilance 1 
liuman face. With a telescope of low power, these t 
patches appear as smooth as water, and they were once" 
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Fig. ijo. 

supposed to be seas. This theory was the origin of the 
name mare (Latin for sea), which is still applied to the 
large of he e pla is bu f he e were water on ihc sur- 
face of he moon ould no fa I o manifest its presence 
by its ] o 1 h would fom an a[ preciable atmosphere. 
Moreo h a h ;,! ele op po , these plains present 



3 more or less uneven surface ; and, as the elevations and 
depressions are found to be permanent, they c 
course, belong to tlie surface of water. 

The cliief of these plains are shown in Fig. 130. They are 1 
Mare Crisium, Mare FacunditaUs Mare Pte tarn Mare Trait- \ 
quillitatis. Mare Serenilntis, Mate [mbrium Mare Frtgons, 
and Oceanus Procellaruin. All these plains cin eis\l\ be rec 
ognized on the surface of 
ihe full moon with the un- 

113. The Terminator 
0/ the Moon. — The 
terminator of the moon 
is the line which sepa- 
rates the bright and dark 
portions of its disk. 



Wher 



with 




telescope of even mod- 
erate power, the termi- 
nator is seen to be \ er j 
irregular and uneven 
Many bright points ire 
seen just outbide of the 1 
terminator in the dark 
portion of the disk while 
all along in the neigh 
borhood of the ternii 
nator are bright patches 

and dense shadows. These appearances are shown in Figs. 
131 and 132, which represent the moon near the first and 
last quarters. Tliey indicate that the surface of the moon 
is very rough and uneven. 

As it is always either sunrise or sunset along the termi- 
nator, the bright spots outside of it are clearly the tops of 
mountains, whicli catch the rays of the sun while their tases 
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are in the shade. The bright patches in the neighboni 
of the terminator are the sides of hills and mountains which 
are receiving the full light of the sun, while the dense 
shadows near by are cast by these elevations. 

114. Height of the Lunar Mountains. — There are two I 
methods of finding the height of lunar mountains : - 




(1) We may measure ;he length of the shadows, and 
then calcvilale the height of the mountains that would cast 
such shadows with the sun at the required height above the 
horizon. 

The length of a shadow may be obtained by the following 
method ; the longitudinal wire of the micrometer (19) is adjusted 
so as to pass through Ihe shadow whose length is to be meaa- 



ured, and thi 

the shadow, as shown 

then turned till the win 

lain the length □{ the 

the proportion : the number of seconds 

of the moon is to the number of seconds 



shadow, as the length of the i 
length of ihe shadow in miles. 



fires are placed one at each end of 

Fig. 133. The micrometer screw is 

ire brought together, so as to ascer- 

may then form 

^ semi-diameter 

length of the 



i radius in miles to the 




the horizon is ascertained I 
stance of the mountain from the I 



(2) We may measure the distance of a bright point from ] 
,he terminator, and then construct a right-angled triangle, 
IS shown in Fig. 134. A solution of this triangle will enable 
IS to ascertain the height of the mountain whose top is just 
:atching the level rays of the sun. 

Ji is tlie centre of the moon, Af the top of the 1: 
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and SAM a. ray of sunlight which just grazes the terminator 
at -4, and then strikes the top of the mountain at M. Thi 
triangle BAM is right-angled at A. BA is the radius of thi 
moon, and j^jl/ia known by measurement; BM,\}a.z hvpothe 
nuse, may then be found by computation. BM is evidently 
equal to the radius of the moon plus the height of thi 
tain. 

By one or the other of these nietliods, the heights of 
the lunar mountains have been found with a great degree 
of accuracy. It is claimed that the heights of the Ii 
mountains are more accurately known than those of the 



I 

i 
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mountains on the earth. Connpared with the size of the | 
moon, lunar mountains attain a greater height than those | 
on the earth. 

115. General Aspect of the Lunar Surface. — \ cursoiyyj 
examination of the moon with a low power is sufficient to 1 
show the prevalence of crater-like inequalities and the gen- ] 
era] tendency to circular shape which is apparent in nearly I 
all the surface markings ; for even the large " seas " and I 
the smaller patches of the same character repeat in their ] 
outlines the round form of the craters. It is along the I 
terminator that we see these crater-like spots to the best 
advantage ; as it is there that the rising or settitig sun casts 
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"long shadows over the lunar landscape, and brings eleva- 
tions into bold relief. They vary greatly in size ; some being 
so large as to bear a sensible proportion to the moon's 
diameter, while the smallest are so niintile as to need the 
most powerful telescopes and the finest conditions of atmos- 
phere to perceive them. 

The prevalence of ring-shaped mountains and plains will 




be evident from Fig. 135, which is from a photograph of a 
model of llie moon constructed by Nasmyth, 

This same feature is nearly as marked in Figs. 131 and 
132, which are copies of Rulherfurd's photographs of the 



116. Lunar Craters. 
lions on the surface of the 



The 



nailer saucer-shaped forma- 
are called (raters. They 
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are of all sizes, from a mile to a hunilreil and fifty milesu 
diameter ; and they are supposed to be of volcanic origin. 
A high telescopic power shows that these craters vary re-- 
markably, not only in sizej but also in structure and arrange- J 
ment. Some are considerably elevated above the surrounding^ 
surface, others are basins hollowed out of that surface, and^ 
with low surrounding ramparts ; some are like walled plai 
while the majority have tlieir lowest depression considerably 
below the surrounding surface ; some are isoiated upon the 
I>lains, others are thickly crowded together, overlapping and i 
intruding upon each other; some have elevated peaks or I 
cones in their centres, and some are without these central I 
cones, while others, again, contain several minute craters I 
instead ; some have their ramparts whole and perfect, others 1 
have them broken or deformed, and many have them -I 
divided into terraces, especially on their iuner 

A typical lunar crater is shown in Fig. 136. 

It is not generally believed that any active volcanoes existfl 
on the moon at the present time, though some observers " 
have thought they discerned indications of such volcanoes. 

117. Copernicus. — This is one of the grandest of lunar 
craters (Fig. 137). .\lthough its diameter (forty-six miles) 1 
is exceeded by others, yet, taken as a whole, it forms one of 
the most impressive aiid interesting objects of its class. 
Its situation, near the centre of the lunar disk, renders all 
its wonderfiil details conspicuous, as well as those of objects 
immediately surrounding it, Its vast rampart rises to up- 
wards of twelve thousand feet above the level of the plateau, 
nearly in the centre of which stands a magnificent group of 
cones, three of which attain a height of mote than twenty- 
four hundred feet. 

Many ridges, or spurs, may be observed leading away from 
the outer banks of the great rampart. Around tiie crater, 
extending to a distance of more than a hundred miles oa 
every side, there is a complex network of bright streaks, 



streaks do not 
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except at and near the full phase Thej show conspio 
ously, however by tlieir im ted 1 istre on the lull moon 

This crater is seen jus.t to the south west of the 1 
dusky plain in the upper part of Fig 132 This plain is 
Mare Imbnitm, and the mountun chain seen a little to the 
right of Copernicus is named the iptniunei Copernicus 




ia also seen in Fig. 135, a little to the left of the same 
range. 

Under circumstances specially favorable, myriads of com- 
paratively minute but perfectly formed cratere may be ob- 
served for more than seventy miles on all sides around 
Copernicus. The district on the south-east side is specially 
rich in these thickly scattered craters, which we have reason 
to suppose stand over or upon die bright streaks. 
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118. Dark Chasms. — Dark cracks, or ciiasrns, have been 
observed on various parts of the moon's surface. They 
sometimes occur singly, and sometimes in groups. They are 
often seen to radiate from some central cone, and they 
appear to be of volcanic origin. They have been called 
canals and ri//s. 




One of llic most remarkable groups of these chasms is 
that to the west of the crater named Tnesneker. The 
crater and the chasms are shown in Fig. 138. Several of 
these great cracks obviously diverge from a small crater near 
the west bank of the great one, and they subdivide as they 
extend from the apparent point of divergence, while they 
are crossed by others. These cracks, or chasms, are nearly 



dred and fifty miles They rise griduaJIy from a compara- 
tively leiel surface towards the south west in ihe form of 
innumerable small elevations whi<,h increRse m number and 




height towards the north-east, where they culminate i 
range nf peaks whose altitude and rugged aspect roust form 
one of the most terribly grand and romantic scenes whicfa j 
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imagination can conceive, 
terminates abruptly in ai 
over the plain beneath, i 
are cast, some of which ; 
till they lose themseh 



The north-east face of the range 
almost \ertical precipice , while 
itenaelv black spire like shadows 
t sunrise extend full ninety miles, 
the general shading due to the 



curvature of the lunar surface Maiij of the peaks rise 




heights of from ei^hlti-n tn ii mil i t«enlv thousand feet 
above the phin it their north east base (Fig 139) 

Fig 140 represents an ideal lunar landscape near the base 
of such a lunar ringe Owing to the absence of an atmos- 
phere the stars will be visible in full daylight 

120 The iall-i of the Alps —The range of the Aipt 
is shown in Fig, 141. The great crater at the north end of 
this range is named Flato. It is seventy miles in diameter. 
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The most remarkable feature of the Alps is the valley 
near the centre of the range. It is iiiore than seventy-five 
miles long, and about six miles wide at the broadest part. 
When examined under favorable circumstances, with a high 
magnifying power, it is seen to be a vast flat- bottomed 
valley, bordered by gigantic mountains, some of which 
attain heights of ten thousand feet or more. 

121. Isolated J'eaks. — There are comparatively few.) 
isolated peaks to be fovmd on the surface of the moon. 
One of the most remarkable of tliesc is that known as Fko, 



i 




and shown in Fig. 142. Its height exceeds eight thousa 
feet, and it is about three times as long at the base as it is™ 
broad. The summit is cleft into three peaks, as is shown 
by the three-peaked shadow it casts on the plain. 

122. Bright ^avj.^About the time of full moon, with 
a telescope of moderate power, a number of bright lines 
may be seen radiating from several of the lunar craters, I 
extending often to the distance of hundreds of miles. ! 
These streaks do not arise from any perceptible difference 
of level of the surface, they have no very definite outline, 
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other effect upon them. " They look as if, after the whole 
surface of the moon had assumed its final configuration, a 
vast brush charged with a whitish pigment had been drawn 
over the globe in straight lines, radiating from a central 
point, leaving its trail upon every thing it touched, but 
obscuring nothing." 

The three most conspicuous craters from which these 
lines radiate are Tycho, Copernicus, and Kepler. Tycho is 
seen at the bottom of Figs. 143 and 130, Kepler is a httle 
to the left of Copernicus in the same figures. 

It has been thought that these bright streaks are chasms 
which have been filled widi molten lava, which, on cooling, 
would afford a smooth reflecting surface on the top. 

123. Tycho. — This crater is fifty-four miles in diameter, 
and about sixteen thousand feet deep, from the highest ridge 
of the rampart to the surface of the plateau, whence rises a 
central cone five thousand feet high. It is one of the most 
conspicuous of all the lunar craters; not so much on 
account of its dimensions as from its being the centre from 
whence diverge those remarkable bright streaks, many of 
which may be traced over a thousand miles of the moon's 
surface (Fig. 143). Tycho apjjears to be an instance of a 
vast disruptive action which rent the solid crust of the moon 
into radiating fissures, which were stibsequently filled with 
molten matter, whose superior luminosity marks the course 
of the cracks in all directions from the crater as their 
common centre. So numerous are these bright streaks 
when examined by the aid of the telescope, and they give 
to this region of the moon's surface such increa.sed lumi- 
nosity, that, when viewed as a whole, the locality can be 
distinctly seen at full moon by the unassisted eye, as a 
bright patch of light on the southern portion of the disk. 
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III. INFERIOR AND SUPERIOR PLANETS. 

Inferior PuNrrs. 

ITie inferior planets are 
those which lie be- 
tween the earth and 
the sun, and whose 
orbits are included 
by that of the earth. 
They are Mercury J 
and Venus. 

125. Aspects of an 
Inferior Planet. — 
The four chief flj/^f ft ' 
of an inferior planet 
as seen from the 
earth are shown in 
Fig. 144, in which 5 
represents the siitij /"the planet, and E ihe earth. 

When tiie planet is 
between the earth and 
the sun, as at P, it 
is said to be in infe- 
rior eonjitnction. 

When it is in the 
same direction as the 
sun, but beyond it, 
as at P', it is said to 
be in superior eon- 
junction. 

When the planet is 
at such a point in 
its orbit that a line ^'*' '*'' 

drawn from the earth to it would be tangent to the orbit, 
as at P' and P"', it is said to be at its greatest elongation. 
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136. Apparent Motion of an Inferior Planet. — When the 
planet is at P, if it could be seen at all, it would appear 
in the heavens at A. As it moves from P to P , it will 
appear to move in the heavens from A to B. Then, as it 
moves from P' to /*", it will appear to move back again 
from B to A. While it moves from P' to P" , it will appear 
to move from A to C; and, wliile moving from P" to P, 




tt will appear to move back again from C to A. Thus the 
planet will appear to oscillate to and fro across the sun from 
B to C, never getting farther from the sun than B on the 
west, or C on the east ; hence, when at these points, it is 
said to be at its greatest western and eastern elongations. 
This oscillating motion of an inferior planet across the sun, 
combined with the sun's motion among the stars, causes the 



I path among the stars similar to that 



planet to describe ; 
shown in Fig. 145. 

127. Phases of an Inferior Planet. — An inferior planet, 
when viewed with a telescope, is found to present a succes- 
sion of phases similar to those of the moon. The reason 1 
of this is evident from Fig. 146. As an inferior planet J 
passes around the sun, it presents sometimes more ; 
sometimes less of its bright hemisphere to the earth. WheaJ 
the earth is at T. and Venus at superior conjunction, the( 
planet turns the whole of its bright hemisphere towards the 
earth, and appears full: it then becomes gibbous, half, and 
crescent. When it comes into inferior conjunction, it turns 
its dark hemisphere towards 
the earth : it then becomes 
crescent, half, gibbous, and 
full again. 

128. TTie Sidereal and 
'• Sytwdical Periods of an infe- 
rior Planet. — The time it 
takes a planet to make a 
complete revolution around 
the sun is called the side- 
P's- M?- real period of the planet ; 

and the time it takes it to pass from one aspect around to 
the same aspect again, its synodical period. 

The synodical period of an inferior planet is longer than 
its sidereal period. This will be evident from an examina- 
tion of Fig. 147. S is the position of the sun, E that of 
the earth, and P that of the planet at inferior conjunc- 
tion. Before the planet can be in inferior conjunction 
again, it must pass entirely around its orbit, and overtake 
the earth, which has in the mean time passed on in its orbit 
to E'. 

While the earth is passing from E to E' , the planet 
passes entirely around its orbit, and from /" to /^ in addition. 
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Now the arc PP is just equal to the arc EE': hence the 
planet has to pass over the same arc that the earth does, 
and 360° more. In other words, the planet has to gain 
360° on the earth. 

The synodical period of the planet is found by direct 
observation. 

129. The Length of the Sidereal Period, — The length of 

the sidereal period of an inferior planet may be found by the 

following computation : — 

Let a denote the synodical period of the planet, 

Let b denote the sidereal period of the earth, 

Let X denote the sidereal period of the planet. 

^60° 
Then "^-r— = the daily motion of the earth, 

360° 
And = the daily motion of the planet, 

360° 360° 

And — ^—r- — the daily gain of the planet ; 

360° 
Also = the daily gain of the planet : 



Hence 



360° 360° _ 360 



o 



X b a 

I I I 



Dividing by 360°, we have j = -; 

Qearing of fractions, we have ab — ax — bx; 
Transposing and collecting, we have (a + b)x = ab : 

Therefore x = — ;— ,. 

a -{■ b 

130. The Relative Distance of an Inferior Planet, — By the 
relative distance of a planet, we mean its distance from the sun 
compared with the earth's distance from the sun. The relative 
distance of an inferior planet may be found by the following 
method : — 

Let V^ in Fig. 148, represent the position of Venus at its 
greatest elongation from the sun, S the position of the sun, 
and E that of the earth. The line E V will evidently be tan- 
gent to a circle described about the sun with a radius equal 
to the distance of Venus from the sun at the time of this greaW 
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est elongation. Draw the radius S V and the hne SE. Since 
SV\% 3. radius, the angle at P' is a right angle. The angle 
" at £■ is known by measurement, and the angle at S is equal to 
90° - the angle E. In the right-angled triangle E VS, we then 
know the three angles, and we wish to find the ratio of the 
side JFto the side .S"^. 

The ratio of these lines may be found by trigonometrical 
computation as follows : — 

VS: ES= s\nSEV: i. 

Substitute the value of the sine of SEV, and we have 

VS: ES= .723 ; I. 

Hence the relative distances of Venus and of the earth from 

the sun are 723 and 1. 

Superior Planets. 
131. The Superior Planets. — The superior planets are I 
those which lie beyond the earth. They are Mars, the \ 
Asteroids, Jupiter, Saturn, Uranus, and Neptune. 

I3i. Apparent Motion of a Superior Planet. ^In (trder 

deduce the apparent motion of a superior I 
planet from the real motions of the e; 
and planet, let S (Fig. 149) be the place I 
of die sun ; I, 2, 3, etc., the orbit of the i 
earth ; a, i, c, etc., the orbit of Mars ; 
CGL a part of the starry firmament. Let I 
the orbit of the earth be divided 
twelve equal parts, each described in one J 
month; and let ab, be, cd, etc., be the j 
spaces described by Mars in the s; 
lime. Suppose the earth to be at 
point I when Mars is at the point a, Mara \ 
will then appear in the heavens in 
direction of [ a. When the earth is 
3, and Mars at c. he will appear in 
heavens at C. When the earth arri 
ve at d, and will appear in the heavens al 
oves from 4 to 5 and from 5 to 6, Mars will 




ASTRONOMY. 



135 



appear to have advanced 

from E to /% 

in the direction 

from west to 

east. During 

the motion of 

the earth from 6 

to 7 and from 7 

to 8, Mars will 

appear to go 

backward from 

F to G and 

from G to Hy 

in the direction 

from east to 

west. During 

the motion of 

the earth from 8 

to 9 and from 9 

to 10, Mars will 

appear to advance from H 



among the stars from D to E and 






Fig. 150. 

inferior conjunction, and 
opposition. 



Fig. 149. 

to / and from / to Ky in the direction 

from west to east, 
and the motion will 
continue in the 
same direction until 
near the succeeding 
opposition. 

The apparent mo- 
tion of a superior 
planet projected on 
the heavens is thus 
seen to be similar 
to that of an infe- 
rior planet, except 
that, in the latter 
case, the retrogres- 
sion takes place near 

in the former it takes place near 
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133. Aspects of a Superior Planet. — Tlie four aspects of J 
a superior planet are shown in Fig. tgo, in which S i. 
position of the sun, E that of the earth, and P that of the | 
planet. 

When the planet is on the opposite side of the earth t^'J 
the sun, as at P, it is said to be in opposition. The s 




and the planet will then appear in opposite parts of the! 
heavens, the sun appearing at C, and the planet at A. 

When tlie planet is on the opposite side of the si 
the earth, as at P" , it is said to be in superior conjunctionA 
II will then appear in the same part of the heavens as t 
sun, both appearing at C. 

When the planet is at P" and P"', so that a line drawl 
from the earth through the planet will make a right an0 
with a line drawn from the earth to the sun, it is said to ba) 
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in quadrature. At P it is in its western quadrature, and at 
P"' in its eastern quadrature. 

134. Phases of a Superior Planet — Mars is the only 
one of the superior planets that has appreciable phases. 
At quadrature, as will appear from Fig. 151, Mars does not 
present quite the same side to the earth as to the sun : 
hence, near these parts of its orbit, the planet appears slightly 
gibbous. Elsewhere in its orbit, the planet appears full. 

All the other superior planets are so far away from the 
sun and earth, that the sides which they turn towards the 
sun and the earth in every part of their orbit are so nearly 
the same, that no change in the form of their disks can be 
detected. 

135. The Synodical Period 
of a Superior Planet, — Dur- 
ing a synodical period of a 
superior planet the earth must 
gain one revolution, or 360°, 
on the planet, as will be evi- 
dent from an examination of 
Fig. 152, in which 5 repre- 
sents the sun, E the earth, 
and P the planet at opposi- Fig. 152. 

tion. Before the planet can be in opposition again, the 
earth must make a complete revolution, and overtake the 
planet, which has in the mean time passed on from P to P\ 

In the case of most of the superior planets the synodical 
period is shorter than the sidereal period ; but in the case 
of Mars it is longer, since Mars makes more than a com- 
plete revolution before the earth overtakes it. 

The synodical period of a superior planet is found by 
direct observation. 

136. The Sidereal Period of a Superior Planet, — The 
sidereal period of a superior planet is found by a method of 
computation similar to that for finding the sidereal period of 
an inferior planet ; — 
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Let a denote the synodical period of the planet, 
Let b denote the sidereal period of the earth, 
Let X denote the sidereal period of the planet. 

Then will ^-y- = daily motion of the earth, 



And 
Also 
But 
Hence 



"^60° 

= daily motion of the planet ; 

^—T- — = daily gain of the earth 

= daily gain of the earth : 

360° __ 360° _ 360Q 
d X ~ a 

I _ I _ I 
b X ~~ a 
ax — ab = bx 
{a — b)x = ab 

ab 



X = 



a — b' 
137. The Relative Distance of a Superior Planet, 



— Let 




Fig. 153. 

5*, tf, and ;//, in Fig. 153, represent the relative positions of the 
sun, the earth, and Mars, when the latter planet is in opposi- 
tion. Let E and M represent the relative positions of the 
earth and Mars the day after opposition. At the first observa- 
tion Mars will be seen in the direction entA^ and at the second 
observation in the direction EM A, 

But the fixed stars are so distant, that if a line, eA^ were 
drawn to a fixed star at the first observation, and a line, EB^ 
drawn from the earth to the same fixed star at the second 
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observation, these two lines would be sensibly parallel ; that is, 
the fixed star would be seen in the direction of the line eA at 
the first observation, and in the direction of the line EB^ par- 
allel to eA^ at the second observation. But if Mars were seen 
in the direction of the fixed star at the first observation, it would 
appear back, or ^est, of that star at the second observation by 
the angular distance BEAj that is, the planet would have 
retrograded that angular distance. Now, this retrogression of 
Mars during one day, at the time of opposition, can be meas- 
ured directly by observation. This measurement gives us the 
value of the angle BEAj but we know the rate, at which both 
the earth and Mars are moving in their orbits, and from this 
we can easily find the angular distance passed over by each in 
one day. This gives us the angles ESA and MSA, We can 
now find the relative length of the lines MS and ES (which 
represent the distances of Mars and of the earth from the sun), 
both by construction and by trigonometrical computation. 

Since EB and eA are parallel, the angle EAS is equal 
to BE A. 

SEA = 180° - (ESA + EAS) 

ESM= ESA -MSA 

EMS = 180° - (SEA + ESM). 

We have then 

MS : ES= sin SEA : sin EMS. 
Substituting the values of the sines, and reducing the ratio 
to its lowest terms, we have 

MS : ES= 1.524 : i. 

Thus we find that the relative distances of Mars and the 
earth from the sun are 1.524 and i. By the simple observation 
of its greatest elongation, we are able to determine the relative 
distances of an inferior planet and the earth from the sun; 
and, by the equally simple observation of the daily retrogres- 
sion of a superior planet, we can find the relative distances of 
such a planet and the earth from the sun. 
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rv. THE SUN. 
I. MAGNITUDE AND DISTANCE OF THE SUN. 

138. The Volume of the Sun. — The apparent diameter I 
of the sun is about 32', being a little greater than that of I 
the moon. The real diameter of the sun is 866,400 miles, | 
or about a hundred and nine times that of the earth. 

As the diameter of the moon's orbit is only about 480,000 I 




iles, 



the i 



sixty limes 
diameter of the I 
earth, it follows I 
that the diameter J 

the 

nearly double iha(.l 
of the moon's ■ 
orbit : lience, were^l 
the centre of th? A 
sun placed : 
centre of the earth, 
the svm would j 
completely fil! the I 
moon's orbit, and- J 
reach nearly 
from the earth to^ 
1 as compared w 



far beyond it in every direction as it is 
the moon. The circumference of the si 
the moon's orbit is shown iu Fig. 154. 

The volume of the sun is 1,305,001 
earth. 

139. The Mass of the Sun. — The 
dense than the earth. The mass of the 
limes that of the earth, and its density only about a 
ihat of the earth. 



that of the ] 



much lea 
only 330,0 



To tind the n 



f (he SI 



t first 



the distanced 
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the earth would draw the moon towards itself in a given lime, 
were the moon at the distance of the sun, and then form the 
proportion : as the distance the earth would draw the moon 
towards itself is to the distance that the sun draws the earth 
towards itself in the same time, so is the mass of the earth to 
.s of the sua. 

three himdred thou- 




sand times that of the earth, the pull of gravity at the surface 1 
of the sun is otily about twenty-eight times as great as at ' 
the surface of the earth. Tliis is because the distance from 
the surface of the sun to its centre is much greater than 
from the surface to the centre of the earth. 

140. Sise of the Sun Compared ivith thai of ihe Planets. 
— The size of the sua compared with that of the 1 



planets is shown in Fig. 155. The mass of the sun is more 
than seven hundred and fifty times that of all of the planets 
and moons in the solar system. In Fig. 156 is shown the 




apparent size of the snn as seen from the different planets, 

, The apparent diameter of the sun decreases as the distance 

from it increases, and the disk of the sun decreases as the 

square of the distance from it increases. 

141. The Distance of the Sun, — The mean distance i 
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of the sun from the earth is about 92,800,000 miles, Owing 
to the eccentricity of the earth's orbit, the distance of the 

> somewhat; beiijg about 3,000,000 miles less i 
January, when the earth is at perihelion, than in June, whe 
the earth is at aphelion. 

"But, though the distance of the sun can easily be staled in 
figures, it is not possible to give any real idea of a space so 
uite beyond our power of conception. If one 
s to try to walk. sHch a distance, supposing that he could 
walk four miles an hour, and keep it up for ten hours every day, 
it would take sixty-eight years and a half to make a single 
million of miles, and more than sixty-three hundred years to 
traverse the whole. 

" If some celesliai railway could be imagined, the joumej:. to 
the sun, even if our trains ran sixty miles an hour day and night 
and without a slop, would require over a hundred and seventy- 
five years. Sensation, even, would not travel so far in a human 
lifetime. To borrow the curious illustration of Professor Men- 
denhall, if we could imagine an inlant with an arm long enough 
to enable him to touch the sun and burn himself, he would die 
of old age before the pain could reach hira ; since, according 
to the experiments of Helmholtz and others, a nervous shock 
is communicated only at the rate of about a hundred feet per 
second, or 1,637 miles a day, and would need more than a hun- 
dred and fifty years to make the journey, Sound would do it 
in about fourteen years, if it coidd be transmitted through celes- 
tial space ; and a cannon-ball in about nine, if it were to move 
uniformly with the same speed as when it left the muzzle of 
the gun. If the earth could be suddenly stopped in her orbit, 
and allowed to fall unobstructed toward the sun, under the 
accelerating influence of his attraction, she would reach the 
centre in about four months. I have said if she could be 
stopped ; but such is the compass of her orbit, that, to make 
its circuit in a year, she has to move nearly nineteen miles a 
second, or more than fifty times faster than tlie swiftest rifle- 
ball ; and, in moving twenty miles, her path deviates from per- 
fect straighlness by less than an eighth of an inch. And yet, 
over all the circumference of this tremendous orbit. 
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i dominion, and everj pulsiition of his surface 
i its response from the subject earth.'' ' 

142. Metho.l of Finditig the Sua's Distance. — There are 
several methods of finding the sun's distance. The simplest 
method is that of finding the actual distance of one of the 
nearer planets by observing its displacement in the sky as seen 
from widely separated points on the earth. As the relath'e 
distances of the planets from each other and from the sun are 
well known, we can easily deduce the actual distance of the 
sun if we can find that of any of the planets. The two planeta 
usually chosen for this method are Mars and Venus. 

(1) The displacement of Mars in the sky, as seen from two- | 
observatories which diSer considerably in latitude, is, of cour 
greatest when Mars is nearest the earth. Now, it is evident ( 
than Mars will he nearer the earth when in opposition tl 




when in any other part of its orbit; and the planet will be least | 
distant from the earth when it is at its perihehon point, and the'l 
earth is at its aphelion point, at the lime of opposition. This j 
method, then, can be used to the best advantage, when, at the I 
time ai opposition. Mars is near its perihelion, and the e 
near its aphelion. These favorable oppositions occur about 
once in fifteen years, and the last one was in 1877. 

Suppose two observers situated at A" and S' (Fig. rS7), 1 
the poles of the earth. The one at N' would see Mars in 
sky at N, and the one at S' would see it at S. The displace-'] 
ment would be the angle A'MS. Each observer measures] 
carefully the distance of Mara from the same fixed star 1 
it. The difference of these distances gives the displacement |3 
of the planet, or the angle JVMS. These observations were J 
made with the greatest care in 1877. 

' P[i,ie5=orC. A. Youns: TheSun, 



junction ; but it can tliei 
therefore, impossible to 
as seen from different 
from a fixed star. Occ 



the displi 



', her distances 



r. Occasionally, 
passes directly 



will occur in i 
another uitl o 
Suppose t« 
o£ tlie earth : 
at A would se 



wid E 



comparing r 
the time of inferior c 
)ss the sun's disk. The ' 
of Venus occurred in 1S74, and the n 
It will then be over a hundred years before 



observers, A and B (Fig, 158), near the poles 
the time of a transit of Venus. The observer ) 
t'enus crossing the sun at l^„ and the one at 1 
l\. Any observation made upon 




Venus, which would give the distance and direction of Vei 
from the centre of the sun, aa seen from each station, would ■ 
enable us to calculate the angular distance between the 1 
chords described across the sun. This, of caurse, would give I 
the displacement of Venus on the sun's disk. This method was I 
first employed at the last transits of Venus which occurred 1 
before 1874; namely, those of 1761 and 1769. 

There are three methods of observation employed to ast 
tain the apparent direction and distance of Venus from the ' 
centre of the sun, called respectively the contact method., the 
murometric method, and the photographic method. 

(a) la the contact method, the observation consists in noting ' 
the exact time when Venus crosses the sun's limb. To aac 
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tain this it is necessary to observe the exact time of external 
and internal contact This observation, though apparently 
simple, is really very difficult. With reference Id this method 
Professor Young says, — 

" The difficulties depend in part upon the imperfections of 
optical instruments and the human eye, partly upon the essen- 
tial nature of light leading to what Is known as diffraction, and 
partly upon the action of the planet's atmosphere. The two 
first-named causes produce what is called irradiation, and oper- 
ate to make the apparent diameter of the planet, as seen on the 
solar disk, smaller than it really is ; smaller, too, by an amount 
which varies with the siie of the telescope, the perfection of 



i lenses, and the tint and brightness of the s 



i image. 



W^ 



The edge of the plar 
et's image is also ren- 
dered slightly hazy and 
indistinct. 

" The planet's at- 
mosphere also causes 
its disk to be sur- 
rounded by a narrow 
ring of light, which 
^'^- '" becomes visible long 

before the pUinei touches the sun, and, at the moment of inter- 
nal contact, produces an appearance, of which the accompany- 
ing figure is intended to give an idea, though on an exaggerated 
scale. The planet moves so slowly as to occupy more than 
twenty minutes in crossing the sun's limb: so that even if the 
planet's edge were perfectly sharp and definite, and the sun's 
hmb undistorted, it would be very difficult to determine the 
precise second at which contact occurs. But, as things are, 
observers with precisely similar telescopes, and side by side, 
often differ from each other five or six seconds ; and, where the 
telescopes are not similar, ihe dififerences and uncertainties are 
much greater. , . . Astronomers, therefore, at present are 
pretty much agreed that such observations can be of little value 
in removing the remaining uncertainty of the parall; 
disposed to put more reliance upon the micrometric and photo- 
graphic methods, which are free from these pecuhar difficulties,. 



J 
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though, of course, beset with others, which, however, it is 
hoped will prove less formidable.'* 

{b) Of the micrometric method, as employed at the last 
t/ansit, Professor Young speaks as follows : — 

" The micrometric method requires the use of a heliometer, 
— an instrument common only in Germany, and requiring much 
skill and practice in its use in order to obtain with it accurate 
measures. At the late transit, a single English party, two or 
three of the Russian parties, and all five of the German, were 
equipped with these instruments ; and at some of the stations 
extensive series of measures were made. None of the results, 
however, have appeared as yet ; so that it is impossible to say 
how greatly, if at all, this method will have the advantage in 
precision over the contact observations." 

if) The following observations, v/ith reference to the photo- 
graphic method, are also taken from Professor Young: — 

" The Americans and French placed their main reliance upon 
the photographic method, while the English and Germans also 
provided for its use to a certain extent. The great advantage 
of this method is, that it makes it possible to perform the 
necessary measurements (upon whose accuracy every thing 
depends) at leisure after the transit, without hurry, and with all 
possible precautions. The field-work consists merely in obtain- 
ing as many and as good pictures as possible. A principal 
objection to the method lies in the difficulty of obtaining good 
pictures, i.e., pictures free from distortion, and so distinct and 
sharp as to bear liigh magnifying power in the microscopic 
apparatus used for their measurement. The most serious diffi- 
culty, however, is involved in the accurate determination of the 
scale of the picture ; that is, of the number of seconds of arc 
corresponding to a linear inch upon the j^late. Besides this, 
we must know the exact Greenwich time at which each picture 
is taken, and it is also extremely desirable that the orientation 
of the picture should be accurately determined ; that is, the 
north and south, the east and west points of the solar image on 
the finished plate. There has been a good deal of anxiety lest 
the image, however accurate and sharp when first produced, 
should alter, in course of time, through the contraction of the 
collodion film on the glass plate; but the experiments of 
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Rutherfurd, Huggins, and Paschen, seem to show that thSa I 
danger is imaginary. . . . The Americans placed the plioi 
graphic telescope exactly in line with a meridian instrument, 
and so determined, with the extreinest precision, the direction 
in which it was pointed. Knowing tliis and the time at which 
any picture was taken, it becomes possible, with the help of 
the plumb-line image, to determine precisely the orientation of 
the picture, — an advantage possessed by the American pictures 
alone, and making their value nearly twice as great as otherwise 
it would have been. 

"The figure below is a representation of one of the Ameri- 
can photographs re- 
duced about one- 




lalf. 



the 



image of Venus, 
which, on the actual 
plate, is about a 
seventh of an inch 
in diameter; aa' is 
the image of Jhe 
plumb-line. The 

centre of the reticle > 
is marked with a 

The English pho- J 
j loyraplis proved to 
of little value, 
and the results o£ 
isurenienls and calculations u|>on the American pictures 1 
have not yet been published. There is a growing apprehension 
that no photographic method can be relied upon. 

s by various methods indi- 
cate that the sun's distance is such that his parallax is about I 
eight and eight-tenths seconds (8,8"). This would make 
the linear value of a second at the surface of the sun about 
four hundred and fifty miles. 



/ 
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II. PHYSICAL AND CHEMICAL CONDITION OF 

THE SUN. 

Physical Condition of the Sun. 

143. The Sun Composed mainly of Gases, — It is now 
generally believed that the sun is mainly a ball of gas, or 
vapor, powerfully condensed at the centre by the weight 
of the superincumbent mass, but kept from liquefying by its 
exceedingly high temperature. 

The gaseous interior of the sun is surrounded by a layer 
of luminous clouds, which constitutes its visible surface, and 
which is called its photosphere. Here and there in the 
photosphere are seen dark spoffSy which often attain an 
immense magnitude. 

These clouds float in the solar atmosphere^ which extends 
some distance beyond them. 

The luminous surface of the sun is surrounded by a rose- 
colored stratum of gaseous matter, called the chromosphere. 
Here and there great masses of this chromospheric matter 
rise high above the general level. These masses are called 
prominences. 

Outside of the chromosphere is the corona^ an irregular 
halo of faint, pearly light, mainly composed of filaments 
and streamers, which radiate from the sun to enormous dis- 
tances, often more than a million of miles. 

In Fig. 161 is shown a section of the sun, according to 
Professor Young. 

The accompanying lithographic plate gives a general view 
of the photosphere with its spots, and of the chromosphere 
and its prominences. 

144. The Temperature of the Sun, — Those who have 
investigated the subject of the temperature of the sun have 
come to very different conclusions ; some placing it as high 
as four million degrees Fahrenheit, and others as low as 
ten thousand degrees. Professor Young thinks that Rosetti's 
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estimate of eighteen thousand degrees as the effecHve tern- 
pci-ature of the sun's surface is probably not far from 
correct. By this is meant the temperature that a uniform 
surface of lampblack of the size of the sun must have in 
order to radiate as much heat as the sun does. The most 
intense artificial heat does not exceed four tliousand degrees 
Fahrenheit. 




r4S. The Amount of Heat RatHated by the Sun. — A 
unit of heat is the amount of heat required to raise a 
pound of water one degree in temperature. It takes about 
a hundred and forty-three units of heat to melt a pound of 
ice without changing its temperature. A cubic foot of ice 
weighs about fifty-seven pounds. According to Sir William 
Herschelj were all the heat radiated by the sun concentrated 
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on a cylinder of ice forty-five miles in diameter, it would I 
melt it off at the rate of about a hundred and ninety thou* \ 
sand miles a second. 

Professor Voung gives the following illustration of the 
energy of solar radiation : " If we could build up a solid 
column of iee from the earth to the sun, two miles and a 
quarter in diameter, spanning the inconceivable abyss of 
ninety-three million miles, and if then the sun should con- 
centrate his power upon it, it would dissolve and melt, not 
in an hour, nor a minute, but in a single second. One 
swing of the pendulum, and it would be water ; seven more, 
and it would be dissipated in vapor." 

This heat would be 
sufficient to melt a layer 
of ice nearly fifty feet 
thick all around the sun 
in a minute. To develop 
this heat would require 
the hourly consumption 
of a layer of anthracite 
coal, more than sixteen ' 
feet thick, over the entire «• ' ■ 

surface of the sun ; and the meekanieal iquivaknt of this 
heat is about ten thousand horse-power on every square 
foot of the sun's surface. 

146. The Brightness of the Sun's Surfaee. — The sun's 
surface is 3 hundred and ninety thousand times as bright as 
a candle-flame, a hundred and forty-six times as bright as 
the calcium -light, and about three times and a half as bright 
as the voltaic arc. 

The sun's disk is much less bright near the margin than 
near the centre, a point on the limb of the sun being only 
about a fourth as bright as one near the centre of the disk. 
This diminution of brightness towards the margin of the 
disk is due to the increase iu the absorption of the solar 
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atmosphere as we pass from the centre towards the margin 
of the sun's disk ; and this increased absorption is due to 4 
the fact, that the rays which reach us from near the margin | 
have to traverse a much greater thickness of the s 
atmosphere than those which reach us from the centre of 
the disk. This will be evident from Fig. 162, in which the 
arrows mark the paths of rays from different parts of the 
solar disk. 

The Spectrosi:oi>e. 

14;. The Sptctroscope as an Astronomical Instrvmfnt. 

— The speetroscope is now continually employed in the 

study of the physical condition and chemical consliiution 
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of the sun and of the other heavenly bodies. It has 
become almost as indbpensable to the astronomer as the , 
telescope. 

148. The Dispernt^H Spectrvseopf. — The essentia] parts 
of the dispersion spectroscope arc shown in Fig. 16^ 
These are the eoUimator tude, the prism, and the Ulese^. 
The colbmator tube has a narrow slit at one end, throng 
which the light to be examined is admitted, and some- 
where within the tube a lens for condensing the light. The 
light is dispersed on passing through the prism : it then 
passes through the objective 01' the telescope, and forms 
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149. T/if Mi- 
romeler S(ak.— 
various devices are 
mptoyed to obtain 
in image of a mi- 
irometer scale in 
tube of the 



the 
telescope beside that of the spectrum. 

One of the simplest of these methods is shown in 
Fig. 166. A is the telescope, B the collimator, and C the 



micrometer tube. The opening at the outer end oJ" C con- ' 
lains a piece of glass which has a micrometer scaJe marked 
upon it. The light from the candle shines through this 




glass falls upon the surface o e \ n I" nd hence 
reflec ed no he telescope vhe e fo in enlarged 




Fig. 1^7 . 

image of the micrometer scale alongside the image of the 
spectrum. 

150. 77ie Comparison of Spectra. — In order to com- 
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pare two spectra, it is desirable to be able to see them 

side by side in the telescope. The images of two spectra 

may be obtained side by side in the telescope tube by the 

use of a little rectangular prism, which covers one-half 

of the slit of the collimator tube, as shown in Fig. 167. 

The light from one source is admitted directly through 

the uncovered half of the slit, while the light from the 

other source is sent | 

through the co\er 

portion of the sht 

by reflection from 

the surface of the 

rectangular prism. 

This arrangement and its a 

from Fig. 167. 

151. Direct-Vision Spectroscope. — A beam of light may 
be dispersed, without any ultimate deflection from its 
course, by combining prisms of cromi and flint glass with 
equal refractive, but unequal dispersive powers. Such a 
combination of ]irisms is called a tUrect-vision combination. 




1 be readily understood 



One of three prisms is shown in Fig. 168, and one of five 
prisms in Fig. 169. 

A direct-vision spectroscope (Fig. 170) is one in which 
a direct-vision combination of prisms is employed, C is 
the collimator tube, P the train of prisms, F the telescope, 
and r the comparison prism. 

152. The Telespectroscope. — The spectroscope, when 
used for astronomical work, is usually combined with a 
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telescope, , 

troscope. Tlie spectroscope 
telescope 



compound instrument is called a teffsfiee- 
— ._„„ — „ ;^ ^,^A ^t tf|g end of ihe 



way that the image formed by the 




object-glass of the telescope falls upon the slit at the 
of the collimator tube. A telespec troscope of small dis- 
persive power is shown in Fig. 171 ; a being the object- 
i of the telescope, c^ the tube of the telescope, and 




e the comparison prism at the end of the collimator tube,.! 
A more powerful instrument is shown in Fig. 172. ,4 ia " 
the telescope, C the collimator tube of the spectroscope, 
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P the train of prisms, and E the telescope tube. Fi( 
shows a still more powerful spectroscope attached t 
great Newall refractor (i8). 
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173 ■ 

the , 




153. The Diffraction Spectroscope. — A diffraction spec- 
troscope is one in which the spectrum is produced by 




■ reflection of the light from a fineh ruled surface, or grating, 

I as it IS called, instead of b\ dispersion in passing through 



1 
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prism. The essential parts of this instrument are shown 
in Fig 174. This spectroscope may he attached to the 
telescope in the same manner as the dispersion spectroscope. 
When the spectroscope is thus used, the eye-piece of the 
telescope is removed. 

Spectra. 

154. Continuous Spectra. — Light from an incandescent 

soUd or liquid which has suffered no absorption in the 
medium which it has traversed gives a spectrum consisting 
of a continuous colored band, in which the colors, from 
the red to the violet, pass gradtially and imperceptibly into 

Fig, 174. 

une another. Tlie spectrum is entirely free from either light 
or dark lines, and is called a continuous spectrum. 

155. Brighi-LJned Spectra. — Light from a luminous gas 
or vapor gives a spectrum composed of bright lines sepa- 
rated by dark spaces, and known as a bright-lined spec- 
trum. It has been found that the lines in the spectrum of 
a substance in the state of a gas or vapor are the most 
characteristic thing about the substance, since no two vapora 
give exactly the same lines : hence, when we have once 
become acquainted with the bright-lined spectrum of any 
substance, we can ever after recogni/.e that substance by 
the spectrum of its luminous vapor. Even when several 
substances arc mixed, they may all be recognized by the 
brigln-lined spectrum of the mixture, since the lines of 
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all the substances will be present in the spectrum of the 
mixture. This method of identifying substances by their 
spectra is called spectrum analysis. 

The bright-lined spectra of several substances are given 
in the frontispiece. The number of lines in the spectra of 
the elements varies greatly. The spectrum of sodium is one 
of the simplest, while that of iron is one of the most com- 
plex. The latter contains over six hundred lines. Though 
no two vapors give identical spectra, there are many cases 
in which one or more of the spectral Unes of one element 
coincide in position with lines of other elements. 

156. Methods of rendering Gases and Vapors LuminoHs.— 
In order to study the spectra of vapors and gases it is neces- 
sary to have some means of converting solids and liquids into 
vapor, and also of rendering 
the vapors and gases lumi- 
nous. There are four meth- 
ods of obtaining luminous 
vapors and gases in common 

(1) By means of the Buit- 
un F/ame. — This is a ver)' 
hot but an almost non- 
luminous flame. If any 
readily volatilized substance, 
such as the compounds of 
sodium, calcium, strontium, 
etc., is introduced into this 

it is volatihzed in the fiame, 

and its vapor is rendered 

luminous, giving the flame its own peculi, 

thus colored may be examined by the 

arrangement of the flame is shown in Fig. t 

(2) By means of the Voltaic Arc. — An electric lamp is 
shown in Fig, 176. When this lamp is lo be used for obtain- 
ing luminous vapors, die lower cartjon is made larger than the 
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at the lop into a little cup. The \ 


1 substance to be volatilizied i 


placed in 


this cup, and the current 


1 is allowed to pass. The heat of the 


voltaic arc is much more J 


1 intense than that of the B 


nsen flame : hence substances that ^^J 






cannot be volatil- ^H 
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ized in the flame ^^| 
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are readily vola- ^^H 
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tilized in the arc, ^^| 


1 






and the vapor ^^H 
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formed is raised ^^H 
to a very high 
temperature. 
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(3) By mmns 
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of Ike spark 
from an Induc- 
tion Co/7.— The 


/^ 


' * 




arrangement of ■ 






ihe coil for ob- ^^^H 






taining luminous ^H 

vapors is shown ^^H 

i" Fig. 177. ^ 

The terminals 1 


J I^HI 
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o£ the coil be- J 




tween which the | 






spark is to pass ^^H 






are brought quite ^^H 


A 1 ,.M| 
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close together. ^^^| 
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When we wish ^^ 
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*f*0' 


to vaporize any \ 


li^"^"^^^ 


tt^^^ 


"V^ metal, as iron, J 


'*&* 


Jig 


^ the terminals are ^J 

^ made of iron. ^H 

On the passags ^^H 










of the spark, % ^^H 


little of th.; iron al llic e. 


Is of the 


terminals is evaporated; ^^1 


and the vapor is rendered 1 


minous i 


the space traversed by 1 


the spark. A condenser is 


usually placed in the circuit. With J 


the coil, the temperature m 


av be varied at plea.'iure ; and the ^^^J 


vapor may be raised even 


to . high 


er temperature than with ^^H 
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"the electric lamp. To obtain a low temperature, the coil is 
used without the condenser. By using a larger and larger 
condenser, the (emperature may be raised higher and higher. 

By means of the induction coil we may also heat gases to 
incandescence. It is only necessary to allow the spark to 
pass through a space filled with the gas. 

(4) By means of a Vacuum r«*,f. — The form of the vacuum 
tube commonly used for this purpose is shown in Fig. 178. 
The gas to be examined, and which is contained in the tube, 
has very slight density ; but upon the passage of the discharge 



from 



indue 



coil or a Holtz 
machine, through 
the tube, the gas 
in the capillary 
part of the lube 
becomes healed lo 
a high tempera- 
ture, and is then 
quite brilliant. 
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Rei-erseii 




Spectra. — If the ' 
light from an in- 
candescent cylin- 
der of lime, or ^^^^'^^'~'~'~ ^~'^~^ ^~^^^~ " 
from the incan- 
descent point of an electric lamp, is allowed to pass 
through luminous sodium vapor, and is then examined with 
a spectroscope, the spectrum will be found to be a bright 
spectrum crossed by a single dark line in the position of 
llie yellow line of the sodium vapor. The spectrum of 
sodium vapor is reversed, its bright lines becoming dark 
and its dark spaces bright. With a spectroscope of any 
considerable power, the yellow line of sodium vapor is 
resolved into a double line. With a spectroscope of the 
same power, the dark sodium line of the reversed speciruw 
is seeii to be a double ]iric, 
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It is found to be generally true, that the spectrurn of the 
light from an incandescent solid or liquid which has passed 
through a luminous vapor on ils way to the spectroscope 
is made ii|i of a bright ground crossed by dark lines ; there 

being a dark line for every bright line that the 

vapor aJone would give. 

158. Explanation of Reversed Spectra. — It 
has been found that gases absorb and quench rays 
of Ihe same degree of refraugibihty as those 
which they themselves emit, and no others. 
When a solid is shining through a luminous 
vapor, this absorbs and quenches those rays from 
the solid which have the same degrees of refrangi- 
bility as those which it is itself emitting: hence 
the lines of the spectrum receive light from the 
vapor alone, while the spaces between the lines 
receive ligjit from the solid. Now, solids and 
liquids, when heated to incandescence, give a very 
much brighter light than vapors and gases at the 
same temperature : hence the lines of a reversed 
spectrum, though receiving light from the vapor 
or gas, appear dark by contrast. 

159. Effect of Increasing the Power of the • 
Spectroscope upon the Brilliancy of a Spectrum. 
— An increase in the power of a spectroscope 
diminishes the brilliancy of a continuous spec- 
trum, since it makes the colored band longer, and 
therefore spreads the light out over a greater 
extent of surface ; but, in the case of a irj^AC- 
/i'«f(^ spectrum, an increase of power in the spec- 
troscope produces scarcely any alteration in the 

y of the lines, since it merely separates the lines far- 
ther without making the hnes themselves any wider. In the 
case of a re-versed spectrum, an increase of power in the spec- 
troscope dilutes the light in the spaces between the lines 
without diluting that of the lines : hence lines which appear 
dark in a spectroscope of slight dispersive power may appear 
bright in an instrument of great dispersive power. 



Fig. irB. 
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l6o. Change of ilu Spectrum with the Density of the Lu- 
ntinoui Vapor. — It has been found, that, as the density of a 
luminous vapor is diminished, the lines in its spectrum bd I 
come fewer and fewer, till 
they are finally reduced to 
one. On the other hand, an 
increase of der 
new lines to appear in the 
spectrum, and the old lines to 
become thicker. 

i6i. Change of the Spec- 
trum -with the Temperature 
of the Luminous Vapor. — 
It has also been found that 
the appearance of a bright- 
lined spectrum changes con- 
siderably with the tempera- 
ture of the luminous vapor. 

of temperature changes the 
relative intensities of the 
lines ; in other ca; 
new lines to appear, and old 
lines to disappear. 

In the case 
pound vapor, i 
of temperature causes the 
colored bands (which are 
peculiar to the spectrum of 
the compound) to disappear, 
and to be replaced by the 
spectral lines of the ele- 

pound is made up. The 

heat appears to dissociate 

the compound; that is, to resolve it into its constituent 

elements. In (his case, each elementary vapor would give its 

own spectral lines. As the compound is not completely dis- 

iiociated at once, it is possible, of course, for one or more o£ | 
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the spectral lines of the elementarj' vapors to co-exist 
spectrum with the bands of the compound. 

It has been found, that, in some cases, the spectra of the 
elementary gases change with the temperature of the gas : and 
Lockyer thinks he has discovered conclusive evidence, in the 
spectra of the sun and stars, that many of the substaiRes 
regarded as elementary are really resolved into simpler s 
stances by the intense heat of the sun ; in other words, that 
so-called elements are really compounds. 



Chemical CoNsriTunoN of the Sun. 



T6a. The Solar Spectrum. — The solar spectrui 
crossed transversely by a great number of fine dark lines, 
and hence it belongs to liie class of rrversai speptra. 



1 




lines were first studied and tnai^peil by Fraun- 
md from him they have been called Fraiinhofer's 



These 

A reduced copy of Fraunhofer's map is shown in Fig. i;r(), 
A few of the most prominent of the dark solar lines arc 
designated by the letters of the alphabet. The other lines are 
usually designalcd by the numbers at which they are found on 
the scale which accompanies the map. This scale is usually 
drawn at the lop of the map, as will be seen in some of the 
following diagrams. The Iwo most elaborate maps of Ihe solar 
spectrum are those of Kirchhoff and Angstrom. The scale op 
Kirchhoff's map is an arbitrary one, while tliat ot Angstrfim is 
based upon the wave-lengths of the rays of light which would 
fall upon the lines in the spectrum. 

The appearance of the spectrum varies greatly with the 



1 

the I 
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power of the speclroscope employed. Fig. iSo show.s a por- 
tion of the spectrum as it appears in a spectroscope of a single 
prism; while Fig. 181 shows the * group of lines alone, as they 
appear in a powerful diffraction spectroscope. I 

163. The Telluric Zi'nes. —There are many lines of the 
solar spectnim which var)- considerably in intensity as the 
Bun passes from the horizon to the tneridian, being most 
intense when the sun is nearest the horizon, and when his 
rays are obliged to pass through the greatest depth of the 
earth's atmosphere. These lines are of atmospheric origiij^ 
and are due to the absorption of the aqueous vapor in our 
atmosphere. They are tlie same lines that are obtained 




when a candle or other artificial light is examined with a 
spectroscope through a long tube filled with steam. Since- 
these lines are due to the absorjjtion of our own atmos- 
phere, ihey are called telluric lines. A map of these lines 
is shown in Fig. 1S2. 

164. Tlie Solar Lines. — After deducting the telluric 
lines, the remaining lines of the solar spectrum are of solar 
origin. They must be due to absorption which takes place 
in the sun's atmosphere. They are, in fact, the reversed 
spectra of the elements which exist in the solar atmosphere 
in the state of vapor : hence we conclude that the luminous 
surface of the sun is surrounded with an atmosphere of 
luminous vapors. The temperature of this atmosphere, at 
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■ least near the surface of the sim, must be sufEcient to ^^^| 




enable all the elements known on the ^^^| 






earth to exist in it as vapors. ^^M 
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165. Chemical Conslihtiion of iht ^^^| 




Sun's Atmosphere. — To find whether ^^^| 






any element which exists on the earth ' ^^^| 






i^ present in the solar atmosphere, we ^^^| 






haie merely to ascertain whether the ^^^k 
bright hnes of its gaseous spectrum ^^H 








-._ . _ -~JM 


are matched by dark lines in the ^^H 






^Qlar spectrum when the two spectra ^^H 






are placed side by side. In Fig. 183, ^^H 
we have in No. 1 a portion of the ^^H 
red end of the solar spectra, and in ^^^| 
No. 1 the spectrum of sodium vapor, ^^^| 






both as obtained in the same spec- ^^^| 
iroscope by means of the compari- ^^^k 
son prism. It will be seen that the ^^| 
double sodium hue is exactly matched ^^| 
by a double dark line of the solaF ^H 
spectrum : hence we conclude that ^^^| 
sodium vapor is present in the sun's ^^^| 










ntmosphere. Fig. 184 shows the ^^^| 






matching of a great number of the ^^H 
bright lines of iron vapor by dark ■ ^^^| 








lines in the solar spectrum. This ^^^| 
matching of the iron lines establishes ^^^| 
the fact that iron vapor is present in ^^| 
ilie solar atmosphere. ^^H 








The following table {given by Pro- ^^| 
fessor Young) contains a list of all the J^^^k 








elements which have, up to the present ^^^| 


Fil. .8., 


time, been detected with certainty in ^^H 


llie sun's atnios|)h 


re. It also gives the number of bright lines ^^H 


in the specirum 


f each element, and the number of those \ 
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lines which have been matched by dark lines in the solar 
spectrum ; — 



Elements. 


Bright Lines 
in Spectrum. 


Lines Reversed 

in Solar 

Spectrum. 


Observer. 


I. Iron 


600 


460 


Kirchhoff. 


2. Titanium . . 




206' 


118 


Thalen. 


3. Calcium . , 




89 


75 


Kirchhoff. 


4. Manganese 




75 


57 


Angstrom. 


5. Nickel . . 




51 


33 


Kirchhoff. 


6. Cobalt . . 




86 


19 


Thalen. 


7. Chromium 




71 


18 


Kirchhoff. 


8. Barium . . 




26 


II 


Kirchhoff. 


9. Sodium . . 




9 


9 


Kirchhoff. 


10. Magnesium 




7 


7 


Kirchhoff. 


II. Copper? . 




15 


7? 


Kirchhoff. 


12. Hydrogen. 




5 


5 


Angstronu 


13. Palladium. , 




29 


5 


Lockyer. 


14. Vanadium. 




54 


4 


Lockyer. 


15. Molybdenum 




27 


4 


Lockyer. 


16. Strontium . 




74 


4 


Lockyer. 


17. Lead . . , 




41 


3 


Lockyer. 


18. Uranium . 




21 


3 


Lockyer. 


19. Aluminium . 




14 


2 


Angstrom. 


20. Cerium. . 




64 


2 


Lockyer. 


21. Cadmium . 




20 


2 


Lockyer. 


Oxygen a ) . 
Oxygen (3 \ , 




42 


12 ± bright 


H. Draper. 




4 


4? 


Schuster. 



In addition to the above elements, it is probable that several 
other elements are present in the sun's atmosphere ; since at 
least one of their bright lines has been found to coincide with 
dark lines of the solar spectrum. There are, however, a large 
number of elements, no traces of which have yet been detected ; 
and, in the cases of the elements whose presence in the solar 
atmosphere has been established, the matching of the lines is 
far from complete in the majority of the cases, as will be seen 
from the above table. This want of complete coincidence of 
the lines is undoubtedly due to the very high temperature of 
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the solar atmosphere. We have already seen that the lines of 
the spectrum change with the temperature ; and, as the tem- 
perature of ihe sun is far liigher than any iliat we can produce 
by artificial means, we might reasonably expect that it would 
cause the disappearance from the spectrum of many lines 
which we find to be preseni at our highest temperature. 

Lockyer maintains tlwt the reason why no trace of the spec- 
tral lines of certain of our so-called elements is found in the 
solar atmosphere is, that these substances are not really elemen- 
tary, and that t!ie intense heat of the sun resolves them into | 



Motion at iue Surface of the Sira. 



Motion of Soundivg 
moving rapidly towards 




us, the pitch of its note becomes someivhat higher than 
when the body js stationary; and, when such a body is 
moving rapidly from us, the pitch of its note is lowered 
somewhat. We have a good illustration of this change of 
pitch at a country railway station on the passage of an 
express -train. The pilch of the locomotive whistle is con- 
siderably higher when the train is approaching the station 
than when it is leaving it. 

167. Explanation of Ike Change of Pitch produced by 
Motion. — The pitch of sound depends upon the rapidity 
with which the pulsations of sound beat upon the drum of 
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the ear. The more rapidly tlie pulsat 
the higher is the pitch : hence 
the shorter the sound-waves 
(provided the sound is all the 
while travelling at the same 
rate), the higher the pitch of 
the sound. Any thing, then, 
which tends to shorten the waves 
of sound tends also to raise its 
pitch, and any thing which tends 
to lengthen these waves tends to 
lower its pitch. 

When a sounding body is mov- 
ing rapidly forward, the sound- 
waves are crowded together a 
little, and therefore shortened ; 
when it is moving backward, the 
sound-waves are drawn out, or 
lengthened a little. 

The effect of the motion of a 
sounding body upon the length 
of its sonorous waves will be 
readily seen from ihe following 
illustration : Suppose a number 
of persons staiioned at equal 
intervals in a line on a long 
platform capable of moving back- 
ward and forward. Suppose the 
men are four feet apart, and all 
walking forward at the same 
rate, and that the platform is 
stationary, and that, as the men 
leave the platform, they keep on 
walking at the same rate : the men 
will evidently be four feet apart 
platform, as well as on it. Suppose 
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s follow each othi 
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moving fonvard at the rate of one foot in ihe interval between I 
two men's leaving the platform, and that the men conlinuc to I 
walk as before: it is evident th:it the men will then be three J 
feet apart in the line after ihey have left the platform. The fl 
forward motion of the platform has the effect of crowding the fl 
men together a little. Were the platform moving backward at^ 
the same rate, the men would be five feet apart after they had j 
left the platform. The backward motion of the platform haa I 
the effect of separating the men from one another. I 

The distance between the men' in this illustration corre- I 
sponds to the length of the sound-wave, or ihe distance betwBM^ J 
its two ends. Were a person to stand beside the line, ant^ M 
count the men that passed him in the three cases given above^^ 
he would find that more persons would pass him in the same 
time when the platform is moving forward than when it is 
stationary, and fewer persons would pass him in the same time 
when the platform is moving backward than when it is sta- 
tionary. In the same way, when a sounding body is moving 
rapidly forward, the sound-waves beat more rapidly upon the 
ear of a person who is statiding still than when tlie body is at 
rest, and less rapidly when the sounding body is moving rapidly 
backward. I 

Were the platform stationary, and were the person who is '1 
counting the men to be walking along tlie hne, either towards 
or away from the platform, the effect upon the number of men 
passing him in a given lime would be precisely the same as it 
would be were the person stationary, and the platform moving 
either towards or away from him at the same rate. So the 
change in the rapidity with which pulsations of sound beat upon 
the ear is precisely the same whether the ear is stationary and 
the sounding body moving, or the sounding body is stationary 
and the ear moving. 

i68. Change of Rcfrangtbilily due to Ihe Motion of a 
Luminous Body. — Refrangibility in light corresponds to 
pitch in sound, and depends upon the length of- the lumi- 
nous waves. The shorter the luminous waves, the greater 
the refrangibility of the waves. Very rapid motion of a 
luminous body has the same effect upon the length of the 
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luminous waves that motion of a sounding body has upon ■ 
the length of the sonorous waves. When a luminous body ' 
is moving very rapidly towards us, its luminous waves are 
shortened a little, and its li^ht becoiiies a little more 
refrangible ; when the luminous body is moving rapidly 
from us, its luminous waves are lengthened a little, and its 
light becomes a little less refrangible. 

169. Displacement of Spectral Lines. — In examining the 1 
spectra of the stars, we often find that certain of the dark 
lines are displaced somewhat, either towards the red or the 
violet end of the spectrum. As the dark lines are in the 
same position as the bright lines of the absorbing vapor 
would be, a displace 
the lines towards the red end 
of I he spectrum indicates 
lowering of the refrangibility of 
the rays, due to a n 
the luminous vapor away from I 
us ; and a displacement of the 
lines towards the violet end of 
the spectrum indicates 
crease of refrangibility, due to a 
motion of the luminous vapor '*"■ '°^- 

towards us. From the amount of the displacement of the 
lines, it is possible to calculate the velocity at which the 
luminous gas is moving. In Fig. 185 is shown the dis- 
placement of the F line in the spectrum of Sirius. This 
is one of the hydrogen lines. R V is the spectrum, R 
being Ihe red, and V the violet end. The long vertical 
line is liie bright F line of hydrogen, and the short 
dark line to the left of it is the position of the F Une 
in the spectrum of Sirius. It is seen that this line is dis- 
placed somewhat towards the red end of the spectrum. 
Tliis indicates that Sirius must he moving from us ; and 
the amount of the displacement indicates that the staf 
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; tweniy-five or thirty 



must be moving at the rate 
miles a second. 

1 70. Contortion of Lines on the Disk of the Sun. — 
Certain of the dark lines ^en on the centre of the sun's 
disk often appear more or less distorted, as shown in 
Fig. 186, which represents the contortion of the hydrogen 
line as seen at various times, i and z indicate a rapid 
motion of hydrogen away from us, or a down-rush at the 
sun ; 3 and 4 (in which the line at the centre is dark on 
one side, and bent towards the red end of the spectrum, 
and bright on the other side with a distortion towards the 
violet end of the spectrum) indicate a down-rush of cool 
hydrogen side by side with an up-rush of hoi and bright 
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hydrogen; 5 indicates local down-rushes associated with 
guieseent hydrogen. 

The contorted lines, which indicate a violently agitated 
state of the sun's atmosphere, appear in the midst of other 
lines which indicate a quiescent state. This is owing to 
the fact that the absorption which produces the dark lines 
takes place at various depths in the solar atmosphere. 
There may be violent commotion in the lower layers of the 
sun's atmosphere, and comparative quiet in the upper layers. 
In this case, the lines which are due to absorption in the 
lower layers would indicate this disturbance by their contor- 
tions ; while the lines produced by absorption in the upper 
layers would be free from contortion. 
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It often happens, too, that the contortions are confined 
to one set of lines of an element, while other lines of the 
same element arc entirely free from contortions. This is 
undoubtedly due to the fact that different layers of the 
solar atmosphere differ greatly in temperature ; so that the 
same element would give one set of lines at one depth, and 
another set at another depth : hence commotion in the 
solar atmosphere at any particular deplh would be indi- 
cated by the contortion of those lines of the element only 
which are produced by the temperature at that particular 
depth. 

A remarkable case of contortion witnessed by Professor 
Young is shown in Fig. 1S7. Three successive appearances 
of the C line 



shown. Tlie second 
view was taken three 
minutes after the firel, 
and the third five 
minutes after the sec- 
ond. Thecontortion 
in this case indicated 

a velocity ranging Fig, .87. 

from two hundred to three hundred miles a second. 

171. Contortion of Lines on the Sun's Limb. — When 
the spectroscope is directed to the centre of the sun's 
disk, the distortion of the lines indicates only vertical 
motion in the sun's atmosphere ; but, when the spectro- 
scope is directed to the limb of the sun, displacements of 
the lines indicate horizontal motions in the sun's atmos- 
phere. When a powerful spectroscope is directed to the 
margin of the sun's disk, so that the slit of the collimator 
tube shall be perpendicular to the sun's limb, one or more 
of the dark lines on the disk are seen to be prolonged by 
a bright line, as shown in Fig. 188. But this prolongation, 
instead of being straight and narrow, as shown in the figure. 
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is often widened and distorted in various ways, as shown in 
Fig- 189. In the left-hand portion of the diagram, the line 
is deflected towards the red end of the speclrum; this 
indicates a violent wind on the sun's surface blowing away 
from US. In the right- 
hand portion of the dia- 
gram, the line is deflected 
towards the violet end of 
the spectrum ; this indi- 
cates a violent 
ing towards u 
middle portio 
figure, the line 
be bent both 
indicates a c 
one side of which the 
wind would be blowing 
from us, and on the other side towards us. 

The distortions of the solar lines indicate that tiie wind 
at the surface of the sun often blows with a velocity of 
from one hundred to three hundred miles a second. The 




ind blow- 
In the 







I llie earlh has a velocity of 
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III. THE PHOTOSPHERE AND SUN SPOTS. 

The Photosphere. 

17a. 7^e Granulation of the Photosphere. — When the 

surface of the sun is examined with a good telescope under 

favorable atmospheric conditions, it is seen to be composed 
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nute grains of intense brilliancy and of irregular 
g in a darker medium, and arranged in streak 
, as shown in Fig. 190, With a rather low ] 
neral effect of the surface is much hke that of 
ig-paper, or of curdled milk seen from a Httl 
With a high power and excellent atmospheri 
s, the grains are seen to be irregulaTj rounded m 
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some hundreds of miles in diameter, sprinkled upon a Ics 
brilliant background, and appearing somewhat like snow- 
flakes sparsely scattered over a grayish cloth. Fig. 191 is 
a representation of these grains according to Secchi. 

With a very powerful telescope and the very best atmos- I 
pheric conditions, the grains themselves are resolved into ' 
granules, or little luminous dots, not mote than a hundred 
miles or so in diameter, which, by their aggregation, make 
up the grains, just as they, in their turn, make up the coarser 
masses of the solar surface. Professor Langley estimates 
that these granules constitute about one-fiftli of the sun's 
surface, while they 
emit at least three- 
fourths of its light. 
173. Shape of the 
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-Theg 



differ considerably in 
shape at different 
limes and on differ- 
ent parts of the sun's 
surface. Nasmyth, in 
1861, described them 
as willow-Uave% in 
shape, several tliousanil miles in length, but narrow and 
with pointed ends. He figured the surface of the sun as 
a sort of basket-work formed by the interweaving of such 
filaments, To others they have appeared to have the form 
of rice-grains. On portions of the sun's disk the elemen- 
tary structure is often composed of long, narrow, blunt- 
ended filaments, not so much like willow-leaves as like bits 
of straw lying roughly parallel to each other, — a thatch- 
straw formation, as it has been called. This is specially 
common in the immediate neighborhood of the spots, 

174. Nature of the Grains. — The grains are, undoubt- 
edly, incandescent clouiis floating in the sun's atmosphere. 



and composed of partially condensed metallic vapors, just 
as the clouds of our atmosphere are composed of partiaUy 
condensed aqueous vapor. Rain on the sun is composed 
of white-hot drops of molten iron and other metals; and 
these drops are often driven with the wind with a velocity 
of over a hundred miles a second. 

As to the forms of the grains, Professor Young says, " If 
one were to speculate as to the explanation of the grains 
and thatch-straws, it might be that the grains are the upper 
ends of long filaments of luminous cloud, which, over most 
of the sun's surface, stand approximately vertical, but in 
the neighborhood of a spot are inclined so as lo lie nearly 
horizontal. This is not certain, though : it may be that the 
cloud-masses over the more quiet portions of the solar sur- 
face ate really, as they seem, nearly globular, while near the 
spots they are drawn out into filamentary forms by atmos- 
pheric currents." 

17s Fa^ula. —I^e facula 3xe irregular streaks of greater 
brightness than the general surface, looking much like the 
flecks of foam on the surface of a stream below a water- 
fall. They are sometimes from five to twenty thousand 
miles in length, covering areas immensely larger than a 
terrestrial continent. 

These faculK are elevated regions of the solar surface, 
ridges and crests of luminous matter, which rise above the 
general level of the sun's surface, and protrude through the 
denser portions of the solar atmosphere. When one of 
these passes over the edge of the sun's disk, it can be seen 
to project, like a little tooth. Any elevation on the sun to 
be perceptible at all must measure at least half a second 
of an arc, or two hundred and twenty-five miles. 

The faculas are most numerous in the neighborhood 
of the spots, and much more conspicuous near the limb 
of the sun than near the centre of the disk. Fig. rga gives 
the genera! appearance of the faculaa, and the darkening 
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of the limb of the sun. Near the spots, the facuk; often 
undergo very rapid change of form, while elsewhere on the 
disk they change rather siowly, sometimes undergoing little 
apparent alteration for several days. 

176. iVhy the Faculat are most Conspicuous near the 
Limb of the Sun. — The reason why the faculEe are most 
conspicuous near the limb of the sun is this : The luminous 
surface of the sun is covered with an atmosphere, which, 
though not very thick compared with the diameter of the 
sun, is still sufficient to absorb a good deal of light. Light 




coming from tlie i.c-iilic- u\ itur sun's disk penetrates this 
atmosphere under the most favorable conditions, and is but 
slightly reduced in amount. The edges of the disk, on the 
other hand, are seen through a much greater thickness of 
atmosphere ; and the light is reduced by absorption some 
seventy-five per cent. Suppose, now, a facula were suf- 
ficiently elevated to penetrate quite through this atmosphere. 
Its light would be undimmed by absorption on any part 
of the sun's disk ; but at the centre of the disk it would 
be seen against a background nearly as bright as itself, 
while at the margin it would be seen against one only a 
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quarter as bright. It is evident that the light of any facula, 
owing to the elevation, would be reduced less rapidly a 
we approach the edge of the disk than that of the general 
surface of the sun, which lies at a lower level. 

Sun- Spots. 

177. General Appearance of Sun-Spots. — The general 
appearance of a well-formed sun-spot is shown in Fig. 193. 
'The spot consists of a very dark central portion of irregu- 




lar shape, called ihe umbra, which is surrounded by a 
less dark fringe, called the penumbra. The penumbra is 
made up, for the most part, of filahients directed radially 
inward. 

There is great variety in the details of form in different 
sun-spots : but they are generally nearly circular during the 
middle period of their existence. During the period of 
their development and of their disappearance they are much 
more inegular in form. 
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There is nothing like a gradvial shading-off of the penum- 
bra, either towards the umbra on the one side, or towards 
the photosphere on the other. The penumbra is separated 
from both the umbra and the photosphere by a. sharp line 
of demarcation. The umbra is much brighter on the inner 
than on the outer edge, and frequently the photosphere is 
excessively bright at the margin of the penumbra. The 
brightness of the inner penumbra seems to be due to the 
crowding together of the penumbra! filaments where they 
overhang the edge of the umbra. 

There is a general antithesis between the irregularities of 
the outer and inner edges of the penumbra. Where an 
angle of the penumbral matter crowds in upon the umbra, 
it is generally matched by a cohresponding outward exten- 
sion into the photosphere, and vice I'ersa. 

The umbra of the spot is far from being uniformly dark. 
Many of the penumbral filaments terminate in little de- 
tached grains of liirninous matter j and there are also faint- 
er veils of a substance less brilliant, hut sometimes rose- 
colored, which seem to lloat above the umbra. The umbra 
itself is made up of masses of clouds which are really 
intensely brilliant, and which appear dark only by contrast 
with the intenser brightness of the solar surface. Among 
these clouds are often seen one or more minute circular 
spots much darker than the rest of the umbra. These 
darker portions are called niichi. . They seem to be the 
mouths of tubular orifices penetrating to unknown depths. 
The faint veils mentioned above continually melt away, and 
are replaced by others in some different position. The 
bright granules at the tips of the penumbral filaments seem 
to sink and dissolve, while fresh portions break off to replace 
them. There is a continual indraught of luminous matter 
over the whole extent of the penumbra. 

At times, though very rarely, patches of intense brightness - 
suddenly break out, remain visible for a few minutes, and 
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move over the spot with velocities as great as a hundred 
miles a second. 

Tlie spots change their form and size quite percep- 
tibly from day to day, and sometimes even from hour to 

178. Duration of Sttn-Spets. — The average life of a 
sun-spot is two or three months : the longest on record is 
that of a spot observed in 1840 and 1841, which lasted 
eighteen months. There are cases, however, where the dis- 
appearance of a spot is very soon followed by the appear- 
ance of another at the same point ; and sometimes this 
alternate disappearance and re-appearance is several limes 
repeated. While some spots are thus long-lived, others 
endure only a day or two, and sometimes only a few 
hours, 

179. Groups of Spots. — The spots usually appear not 
singly, but in groups. A large spot is often followed by a 
train of smaller ones to the east of it, many of which are 
apt to be irregular in form and very imperfect in structure, 

■ sometimes with no umbra at all, often with a penumbra only 
on one side. In such cases, when any considerable change 
of form or stnicture shows itself in the principal spot, it 
seems to rush westward over the solar surface, leaving its 
attendants trailing behind. When a large spot divides into 
two or mote, as often happens, the parts usually seem to 
repel each other, and fly apart with great velocity. 

180. Sise of the Spots. — Ihe spots are sometimes of 
enormous size. Groups have often been observed covering 
areas of more than a hundred thousand miles square, and 
single spots occasionally measure from forty to fifty thousand 
miles in diameter, the umbra being twenty-five or thirty 
thousand miles across. A spot, however, measuring thirty 
thousand miles over all, may be considered a large one. 
Such a spot can easily be seen without a telescope when 
the brightness of the sun's surface is reduced by clouds or 
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nearness to the horizon, or by the use of colored glass. ' 
During the years 1871 and 1872 spots were visible to 
naked eve for 1 considerable portion of the time The 
largest spot yet recorded was observed m 1858 It had a 
breadth of more thin a hundred and fort) three thousand ( 
miles, or nearly eighteen times the diameter of the earth, , 
and covered about a thirtv sixth ot the whole surfece of 
the sun 

Fig 194 represents a group of sun spots observed by I 




Professor I 'inj,le\ ind drawn on the same scite as the small j 
circle in the upper left hand comer, which represents the j 
surface of half of our globe. 

181. T/if Penumbral Filaments. — Not untrequently theJ 
penumbral filaments are curved spirally, indicating a cyclonicS 
action, as shown in Fig. 195. In such cases the whole spotv 
usually turns slowly around, sometimes completing an entire f 
revolution in a few days. More frequently, however, 
spiral motion lasts but a short time ; and occasionally, after I 
continuing for a while in one direction, the motion 
reversed. Very often in large spots we observe opposite i 



spiral movements n d ffe ent por r 
shown in Fgs 196 an 1 9 




Neighbor y 1 ots 



to otate in the 
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same direction The iiumljer of spots in which a decided 
cyclonic motion (1 kc iliat shown in Fig, 198) appears is 
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vely small not exreeding two or three 
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Plate I 

Professor 
this great 


'. represents a tjpical sun spot as deli 


leaied by | 


-0 


Fig. ,,3. 

Laiigley. At the left-hand and upper p 
spot the filaments present the ordinary a; 


anions of 
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while at the lower edge and upon the great overhanging 
branch, they are arranged very differenth The feathery 
brush below the branch, closel) resembling a Irost crystal 
on a wmdon pane, is as rare aa it is cunous, and has not 
been satisfactoniy explained 

i8i Btrth and Decay of Sun Spots — The formation of 
a spot IS sometimes gradual, requiring dajs or even weeks | 
for Its full development , and sometimes a single day suf 
fices (icnerilK tur some time before its appearance, there J 




is an evident disturbance of the solar surface, indicated espc- i 
cially by the presence of many briUiant facul^, among which j 
pores, or minute black dots, are scattered. These enlarge, 
and between them appear grayish patches, in which the i 
photospheric structure is imusually evident, as if they were ' 
caused by a dark mass lying below a thin veil of luminous 
filaments. This veil seems to grow gradually thinner, and 
finally breaks open, giving us at last the complete spot with 
its penumbra. Some of the pores coalesce with the princi- 
pal spot, some disappear, and others form the attendant j 
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train before described (179). The spot when once forniedlJ 
usually assumes a circular form, and remains without sti 
change until it disappears. As its end approaches 
surrounding photosphere seems to crowd in, and overwhelm 
the penumbra. Bridges of Ughl (Fig, 199), ofttn much 
brighter than the average of the solar surface, push acroM 
the umbra ; the arrangement of tlie penumbra filaments 
becomes confused; and, as Secchi expresses it, the lumi- 
nous matter of the photosphere seems to tumble peii-mell 
into the chasm, whic'h disappeare, and leaves a disturbed 
surface marked with faculse, which, in their turn, gradually 
subside. 

153. Motion of Sitn-Spots. — The spots have a regular 
motion across the disk of the sun 
from east to west, occupying about 
twelve days in the transit. A spot 
generally appears first on or n 
the east limb, and, after twelve 
fourteen days, disappears at the w 
limb. At the end of another rour-| 
teen days, or more, it re-appears 3 

Fig. 3«>. (jjg pa^t limb, unless, L 

time, it has vanished from sight entirely. This i 
the spots is indicated by the arrow in Fig. aoo, 
interval between two successive appearances of ihe 
spot on the eastern edge of the sun is about twcnty-seve 

154. The Rotation of Ihi Sun. — The spots are evidentlj 
carried around by the rotation of the sun on its axis. ] 
evident, from Fig. 201, that the sun will need to make n 
than a complete rotation in order to bring a spot agaioj 
upon the same part of the disk as seen from the 1 
S represents the sun, and E the earth. The arrows indicatnl 
the direction of the sun's rotation. When the earth is at E^ 
a spot at J would be seen at the centre of the solar disk. 
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1 While the sun is turning on its 


axis, the earth nn 


oves in its 


1 orbit from £ to £' : hence the 


sun must make 


a complete 


1 rotation, and turn from u to 


a' in addition. 


n order to 
To aory 


1 bring the spot again to the ce 


ntre of the disk- 


1 the spot entirely around, and 


jb 




W then on to a ', requires about 
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r twenty-seven days. From this 
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synadical period of the spot. 
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as it miglit be callctl, it has 
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been calculated that the sun 
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must rotate on its axis in 
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about twenty- five days. 
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Sun's Axis.—Tht paths de- 
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scribed by sun-spots across 
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the solar disk vary with the 
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position of the earth iii its 


orbit, as shown in Fig. 202. 
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We therefore conclude tliat 
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the sun's axis is not perpendicular to the p 


ane of the j 


earth's orbit. The sun rotates 


on its axis from w 


est to east, 


and ihe axis leans about seven 


kgrees from the perpendicu- j 


kr to 


ie earth's orbil. 
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The Proper Motion 


0/ the Spots. — 
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Whe 


1 the 


H period of the sun's rotation is deduced from the 


motion of 


■ spots in difTerent solar latitude 


, there is found 


\x con- 


H giderable variation in the results obtained. Thus 


spots near 
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the eijualor indicate that the sun rotates in about twenty-five 1 


days; while those in latitude lo" indicate a period about | 
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half. Strictly speak. 
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iDg, the sun, as a 
whole, has no sin- 
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gle period of rota- 
tion; but different 
portions of its sur- 
face perform their 
revolutions in dif- 
ferent times. -ITic 
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187. Distribution of the Sun Spots. —The sun-spots are ^H 


not distributed uniformly over the suti's surface, but occur ^M 
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tween the latitudes of 10° and 30°, as shown in Fig. 103. 
On and near the equator itself they are comparatively rare. 
There are stil! fewer beyond 35° of latitude, and only a 
single spot has ever been recorded more than 45^ from the 
solar equator. 

Fig. 204 shows the distribution of 
the sun-spots observed by Carrington 
during a period of eight years. The 
irregular line on the left-hand side of 
the figure indicates by its height the 
comparative frequency with which the 
spots occurred in different latitudes. 
In Fig. 205 the same thing is indicated 
by different degrees of darkness in the 
shading of the belts. 

188. The Periodicity of the Spots. — 
Careful observations of the solar spots 
indicate a period of about eleven years 
in the spot- producing activity of the 
sun. During two or three years the 
spots increase in number and in size ; 
then they begin to diminisli, and reach 
a minimum five or six years after the 
maximum. Another period of about 
six years brings the return of llie maxi- 
mum. The intervals are, however, I 
somewhat irregular. 

Fig. 206 gives a graphic representa- 
tion of the periodicity of the sun-spots. 
The height of the curve shows the j 
frequency of the sun-spots in the years 
given at the bottom of the figure. It appears, from 
examination of this sun-spot curve, that the average in 
val from a minimum to the next following r 
• only about four years and a half, while that from a 
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mnm to the nexl foDowTDg minimoin is six yeas md ai 
tenths. The dtstnrbancc «1ucb prodoces tbc sao^fiois i 

dcrcloped suddeti^, hot dies x**g | 

graduallT. 

189. CokjmvXmn ietmtem Smm- [ 
S^i amd Temttrial Mapt^ait, 

— The magnetic needle does not | 

point steadJlj in the s; 

bul is subject to vz 

ances, some of which arc r^nbr, 

and others irregular. 

<■) One o[ the morst noticeable 
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oscillating five degrees, or even ten degrees, within 
or two. These storms are generally accompanied by an aurora, 
and an aurora is always accompanied by magnetic disturbance. 
A careful comparison of aurora observations with those of sun- 
spots shows an almost perfect parallelism between the curves 
of aurora! and sun-spot frequency. 




(3) A niimbrr of observations render it very probnble that 
every intense disturbance of the solar surface is propagated 
to our letreatrial magnetism wilh the speed of light. 

Fig. 3D7 shows certain of the solar lines as lliey were 
observed by Professor Young on Aug. 3, 1872. Tlie contor- 
tions of the F line indicated an intense disturbance in the 




alraosphert of Iho sim. 'llitrc wen- llirce especially notable 
paroxysms in this distortion, occurring at a quarter of niae, , 
half-past ten, and ten minutes of twelve, a.m. 

Fig. 208 shows the curve of magnetic disturbance as traced 
at Greenwich on the same day. It will be seen from the curve 
that h was a day of general magnetic disturbance. At the 
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times of the three pa.roxysms, which a.re given at the bottonLS 
of the figure, it will be observed that there is a peculiar shiver- ] 
ing of the magnetic curve. 



190. The Spots are Depressions in ike Phoiospkere. — 
This fact was first clearly brought out by Dr. Wilson of 
Glasgow, in 1 769, from observations upon the penumbra of 
a spot in November of that year. He found, that when 
the spot appeared at the eastern limb, or edge of the sun, 
just moving into sight, the penumbra was well marked on 
the side of the spot nearest to the edge of the disk ; while 
on the other edge of the spot, towards the centre of the 
sun, there was no penumbra 
visible at all, and the umbra 
itself was almost hidden, as if 
beliind a bank. When the spol 
I had moved a day's journey 
I toward the centre of the disk, 
; whole of the umbra came 
into sight, and the penumbra on 
the inner edge of the spot 
began to be visible as a narrow 
line. After the spot was well 
; penumbra was of the samt 
When the spot approached the 
t phenomena were repeated, but 
in the inverse order. The penumbra on the inner edge of 
the spot narrowed much faster than that on the outer, dis- 
appeared entirely, and finally seemed to liide from sight 
much of the umbra nearly a whole day before the spot 
passed from view around the limb. This is precisely what 
would occur (as Fig. 209 clearly shows) if the spot were a 
saucer-shaped depression in the solar surface, the bottom 
of the saiicer corresponding to the umbra, and the sloping 
sides to the penumbra. 




advanced upon the disk, 
width all around the spot, 
sun's western limb, the s 
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191. Sun-Spot Spectrum. — When the image of a sun-spot 
is thrown upon the slit of the spectroscope, the spectrum is 
seen to be crossed longitudinally by a. continuous dark band, 
showing n.n increased general absorption in the region of the 
sun-spot. Many of the spectral lines are greatly thickened, as 




1 Tliis thickening of the lines shows that 
the absorption is taking place at a greater depth. New lines 
and shadings often qppear, which indicate, that, in the cooler 
nucleus of the spnt, terlain compound vapors i;xist, which ari> 






dissociated elsewhere 011 tlie sun's surface. These lines and 
shadings are shown in Fig. 211. 

U often happens that certain of the spectral lines are re- 
versed in the spectrum of the spot, a ihin bright line appear- 
ing over the centre of a thick dark one, as shown in Fig. 2 
These reversals are due to very bright vapors floating over 1 
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At (imes, also, the spectrum of a spot 
motion in the overlying gases by distortion s 



ioleni 







oftener a 
the outer edge of the penum- 
bra than over the centre of 
the spot ; but occasionally the 
whole neighborhood is vio- 
lently agitated. In such cases, 
lines in the spectrum side by 
side are often affected in en- 
tirely different ways, one being 
greatly displaced while its 
neighbor is not disturbed in 
the least, showing that the 

vapors which produce the lines are at different levels in the 

solar atmosphere, and moving independently of each other. 
192. The Cause and Nature of Sun-Spols. — According to 

Professor Young, 

the arrangement 

and relations of 

the photospheric 

clouds in the 

neighborhood of 

a sp>ot are such as 

are represented in 

Fig. 213. ''Over 

the sun's surface 

generally, these 

clouds probably 

have the form of 

vertical columns, 

outside the spot, 

the level of the 

photosphere is 

the most part, overtopped by eruptions of hydrogen and 

usually raised Into faculie, as at bb. These faculse are, for 

metallic vapors, as indicated by the shaded clouds. . . , While 

the great clouds of hydrogen are found everywhere upon the 
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Sim, tbese spiky, vivid outbursts of metallic vapors seldom 
occur except just in the neighborhood of a spot, and then only 
during its season of rapid change. In the penumbra of the 
spot the photospheric filaments become more or less nearly 
horizontal, as at pp ; in the umbra at u it is quite uncertain 
what the true state of affairs may be. We have conjecturally 
represented the filaments there as vertical also, but depressed 
and carried down by a descending current. Of course, the 
cavity Is filled by the gases which overlie the photosphere ; and 
it is easy to see, that, looked at from above, such a cavity 
and arrangement of the luminous filaments would present the 
appearances actually observed." 

Professor Young also suggests that the spots may be depres- 
sions in the photosphere caused "by the diminulion of upward 
pressure from below, in consequence of eruptions in the neigh- 
borhood ; the spots thus being, so to speak, sinks in the 
photosphere. Undoubtedly the photosphere is rot a strictly 
continuous shell or crust; but it is k^avy as compared with the 
imcondensed vapors in which it lies, just as a rain-cloud in our 
terrestrial atmosphere is heavier than the air; and it is proba- 
bly continuous enough lo have its upper level affected by any 
diminution of pressure below. The gaseous mass below the 
photosphere supports its weight and the weight of the products 
of condensation, wliich must always be descending in an incon- 
ceivable rain and snow of molten and crystallized material. 
To all intents and purposes, though nothing but a layer of 
doud.s, the photosphere thus forms a constricting shell, and 
the gases beneath are imprisoned and compressed. Moreover, 
at a high temperature the viscosity of gases is vastly increased, 
so that quite probably the matter of the so! ar nucleus resem- 
bles pitch or tar in its consistency more than what we usually 
think of as a gas. Consequently, any sudden diminution of 
pressure would propagate itself slowly from the point where 
it occurred. Putting these-things together, it would seem, that, 
whenever a free outlet is obtained through the photosphere at 
any point, thus decreasing the inward pressure, the result would 
be the sinking of a portion of the photosphere somewhere in 
the immediate neighborhood, to restore the equilibrium ; and, if 
the eruption were kept up for any length of time, the deprea- 
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sion in the photosphere would continue till the eruption ceased. 
This depression, rilled with the overlying: ijases, would constitute 
a spot Moreover, the line of fracture 'if we may call it so) at 
the edges of the sink would be a regi<3n of weakness in the 
photosphere, so that we should expect a series of eruptions 
all around the spot. For a time the disturijance. therefore, 
would grow, and the spot would enlarge and deepen, unril. in 
spite of the viscosity of the internal a:ases. "he eiiuilibrium of 
pressure was gradually restored beneadi. So tar as we know 
the spectroscopic anil visual phenomena, none of them con- 
tradict diis hypothesis. There is norhinu; in it. however, to 
account for the distribution of the .spots in solar latitudes, nor 
for their periodicity." 

IV. THE CHROMOSPHERE AND PROMINENCES. 

193. The Sun's Oute?' Atmospiwrc. — What we see of 
the sun under ordinary circumstances is but a traction of 
his total bulk. While i^y far the ^creater portion of the 
solar mass is included within the ph(jtosphere, the larger 
portion oi his volume lies without, and c(}nstitutes a gaseous 
envelope whose diameter is at least double, and its bulk 
therefore sevenfold, that oi the central ^^lobe. 

This outer envelope, though mainly gaseous, is not spheri- 
cal, but has an exceedingly irregular and \ariable outline. 
It seems to be made up, not of reLCular sinita of tlifferent 
density, like our atmosphere, but raiiicr ;jf ikmies. beams, 
and streamers, as transient and :instaljle as :iiosc oi the 
aurora borealis. It is divided Iukj two portions by a 
boundary as detinite. though not so regular, as liiat which 
separates them both from the photosphere. The outer and 
far more extensive portion, which in texture and rarity seems 
to resemble the tails of comets, is known as tiie coronal 
atmosphere, since to it is chiedy due the corona, or glorv, 
which surrounds the darkened sun during an eclipse. 

T94. The Chrornosphere. — At the base K^i the <:oronal 
atmosphere, and in contact with the photospiiere, is what 



ASTRONOMY. 



197 



resembles a sheet of scarlet fire. It appears as if countless 
jets of heated gas were issuing through vents over the 
whole surface, clothing it with flame, which heaves and 
tosses like the blaze of a conflagration. This is the chro- 
mosphere, or color-sphere. It owes its vivid redness to the 
predominance of hydrogen in the flames. The average 
depth of the chromosphere is not far from ten or twelve 
seconds, or five thousand or six thousand miles. 

195. The Prominences. — Here and there masses of this 
hydrogen, mixed with other substances, rise far above the 
general level into the coronal regions, where they float like 
clouds, or are torn 
to pieces by conflict- 
ing currents. These 
cloud - masses are 
known as solar promi- 
nences, or protuber- 
ances. 

196. Magnitude a nd 
Distribution of the 
Pro7fiinences. — The 
prominences differ 
greatly in magnitude. 
Of the 2,767 observed 




Fig. 2x4. 



by Secchi, 1,964 attained an altitude of eighteen thousand 
miles; 751, or nearly a fourth of the whole, reached a 
height of twenty-eight thousand miles; several exceeded 
eighty-four thousand miles. In rare instances they reach 
elevations as great as a hundred thousand miles. A few 
have been seen which exceeded a hundred and fifty thou- 
sand miles ; and Secchi has recorded one of three hundred 
thousand miles. 

The irregular lines on the right-hand side of Fig. 214 
show the proportion of the prominences observed by Secchi, 
that were seen in different parts of the sun's surface. Th^ 
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outer line shows the distribution of the smaller prominences, 
and the inner dotted line that of the lai^er prominences. 
By comparing these lines with those 
on the opposite side of the circle, 
I which show the distribution of the 
spots, it will be seen, that, while the 
rpots are confined mainly to two 
belts, the prominences are seen in all 
I latitudes. 

197. The Spectrum of the Chro- 

osphere. — The spectrum of the 

I chromosphere is comparatively simple. 

'ITiere are eleven lines only which are 

always present ; and six of these are 

lines of hydrogen, and the oihcra, 

with a single exception, are of un- 

I known elements. There arc sixteen 

other lines which make their appear- 

I ance very frequently. Among these 

I latter are lines of sodium, magnesium, 

I and iron. 

Where some special disturbance is 

I going on, the spectrum at llie base of 

I the chromosphere is very complicated, 

consisting of hundreds of bright lines, 

" The majority of the lines, however, 

are seen only occasionally, for a few 

minutes at a lime, when the gases 

I and vapors, which generally lie low 

(mainly in the interstices of the 

I clouds which constitute the photo- 

'* "^ sphere), and below its upper surface, 

are elevated for the time being by some enii>livc action. 

For the most iiart, the lines which appc.ir only at such 

times are simply reversals of the more prominent dark lines 
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of the ordinary solar spectrum. But the selection of the 
lines seems most capricious : one is taken, and another left, 
though belonging to the same element, of equal intensity, 
and close beside the first." Some of the main lines of th« j 
chromosphere and prominences are shown in Fig 

198, Method of Studying the Chromosphere and Promi- 
nences. — Until recently, the solar atmosphere could be seen 
only during a total eclipse of the sun ; but now the spectro- 
scope enables us to study the chromosphere and the promi- 
nences with nearly the same facility as the spots and fatulx. 

The protuberances are ordinarily invisible, for the same 
reason that the stars cannot be seen in the daytime ; they are 
hidden by the intense light reflected from our own atmospher 
If we could only get rid of this aerial illumination, without at 
the same time weakening the light of 
the prominences, the latter would be- 
come visible. This the spectroscope 
enables us to accomplish. Since the 
air-light is reflected sunshine, it ^^f 
course presents the same spectrum as 
sunlight, — a continuous band of color 
crossed by dark lines. Now, this sort '''^- "^ 

of spectrum is weakened by increase of dispersive power (159), 
because the light is spread out into a longer ribbon, and made 
to cover a greater area. On the other hand, the spectrum of 
(Ue prominences, being composed of bright linear- undergoes 
no such diminution by increased dispersion. 

When, the spectroscope is used as a means of examining the 
prominences, tlie slit is more or less widened. The telescope 
is directed so that the image of that portion of the solar limb 
which is to be examined shall be tangent to the opened slit, 
as in Fig. 216, which represents the slit-plate of the spectro- 
scope of its actual size, with the image of the sun in the 
proper position for observation. 

If, now, a prominence exists at this part of the solar limb, 
and if the spectroscope itself is so adjusted that the C line 
falls in the centre of the field of view, then one will see some- 
thing like Fig. 217. "The red portion of the spectrum will 
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Stretch atliw[irt the field of view like a scarlet ribbon with a 
darkish band across it ; and in thai band will appear the promi- 
nences, like scarlet clouds, so like our own terrestrial clouds, 
indeed, in form and texture, that the resemblance is quite 
startling One might almost think he was looking out through 
a partlj-opened door upon a sunset sWj', except that there is 
no vanetj or contrast of color; all the cloudlets are of the 
same pure scarlet hue. Along the edge of the opening is seen 
the chromosphere, more brilliant than the clouds which rise 
from It or float above it, and, for the most part, made up of 
minute tongues and tilaments.'' 
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intertwined, and expanding upward. Sometimes the whole 
under surface is fringed with pendent filaments. Sometimes 
they float entirely 
free from the chro- 
mosphere : and in 
most cases llie 
larger clouds arc 
attended l}y de- 
tached cloudlf-is. 
Various forms of 
quiescent pro mi - 

in Plate IH, 
Other forms nri.- 
given in Figs, j [8 
and 2 19. 

Their spectrum 

jally very simple, coListstiiig of tlic four lines of hydro- 
gen and the orange 
Z*-' : hence the ap- 
pellation hydroge- 
nous. Occasionally 
the sodium and 
magnesium hnes 
also appear, even 
near the tops of 
the clouds. 

200. Eruptive 
Prominences.— Tb& 
i-niptive promi- 
nences ordinarily 
consist of brilhant 
spikes or jets, which 
form and brightness. Ss, a rule, their 
r thirty thousand 
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miles ; but occasionally they rise far higher than even the * 
largest of the quiescent protuberances. Their spectrum is 
very complicated, especially near their base, and often filled 
with bright lines. The most conspicuous lines are ihose of 
sodium, magnesium; barium, iron, and titanium ; hence 
Secchi calls ihem melallic prominences. 

They usually appear in the immediate vicinity of a spot, 
never very near the solar poles. They change with such 
rapidity, that the motion can almost be seen with ihe eve. 




ol lilitin or twenty 
mass of these flames, fifty ihousind miles high, will undergo 
a total transformation; and in ■■ome msttuces their com- 
plete development or disappearance takes no longer tame. 
Sometimes they consist of pointed rajs diverging in aH 
directions, as represented m Fig ■zza "Sometimes they 
look like flames, sometimes like sheaves of gram some- 
times like whirling water-spouts capped with a great cloud ; 
occasionally they present most e\actl> the appearance of 
jets of liquid fire, rising and fillmg in graceful parabolas 
frequendy they carry on their edges spirals like the volutes 
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of an Ionic column ; anrt continually they detach fila- 
ments, which rise to a great elevation, gradually expand- 
ing and growing fainter as they ascend, nniil the eye loses 
them." 

aoi. Changf of \ 
Form in Prominenees. 
— Fig. 221 represents 
a prominence as 
seen by Professor | 
Young, Sept, 7, 1871. 

quiescent cloud, a 

hundred thousand miles long and fifty-four thousand miles 




high. A 
form of 



. hrilliant lump, somewhat 
. On returning to the spectro- 
scope less than half an hour 
afterwards, he found that the 
cloud had been literally blown 
into shreds by some incon- 
ceivable npmsh from beneath. 
The prominence then pre- 
sented the form shown in 
Fig. 221- The debris of the 
cloud had already attained a 
height of a hundred thou- 
I sand tniles. While he was 
valching ihem for the next 
en minutes, they rose, with 
I motion almqpt perceptible 
o the eye, till the upper- 
''^' '"■ most reached an altitude of 

two hundred ihousand miles. As the filaments rose, they 
gradually fadei! away like a dissolving cloud. 

Meanwhile the little thunder-head had grown and devel- 
oped into what appeared to be a mass of rolling and ever- 
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changing flame. Figs, 223 and a 



124 give the appearance 





uf lliis portion of thu proniincnLe at iutervab of fifteen 
Other similar eruptions liave betn observed. 



V. THE CORONA. 
202. Genera/ Appearance of the Corona. — M the' 
lime of a total eclipse of the sun, if the sky is clear, the 
moon appears as a huge black ball, the iiluminalion at 
the edge of the disk being just suffieient to bring out 
its rotiii]dity. "From behind it," to borrow Professor 
Young's vivid description, " stream out on all sides radiant 
filaments, beams, and sheets of pearly light, which reach 
to a distance sometimes of several degrees from the solar 
surface, forming an irregular stellate halo, with the black 
globe of the moon in its apparent centre. The portion 
nearest the sun is of dazzling brightness, but still less bril- 
liant than the prominences which blaze through it like 
carbuncles. Generally this inner corona has a pretty uni- 
form height, forming a ring three or four minutes of arc 
in width, separated by a somewhat definite outline from 
the outer corona, which reaches to a much greater dis- 
tance, and is far more irregular in form. Usually there are 
several rifts, as they have been called, like narrow beams of 
darkness, extending from the very edge of the sun to the 
outer night, and much resembling the cloud-shadows which 
radiate from the sun before a thunder-shower ; but the 
edges of these rifts are frequently curved, showing them 



to be something else than real shadows. Sometimes there 
are narrow bright streamers, as long as the rifts, or longer. 
These are often inclined, occasionally are even nearly 
tangential to the solar surface, and frequently are curved. 
On the whole, t!ie corona is usually less extensive and 
brilliant over the solar poles, and there is a recognizable 




tendency to accumulations above the middle latitudes, or 
spot-zones ; so that, speaking roughly, the corona shows a 
disposition to assume the form of a quadrilateral or four- 
rayed star, though in almost every individual case this form 
is greatly modified by abnormal streamers at some point or 
other." 

203. The Corona as ietn at Recent Eclipses. — The 
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corona can be seen only at the time of a total eclipse of 
the san, and then for only a few minutes. Its fomi varies 
considerably from one eclipse to another, and apparently 
also during the same eclipse. At least, different observers 
at different stations depict the same corona under very 
different forms. Fig. 225 represents the corona of 1857 as 




observed by Liais. In this view the petal-like forms, which 
have been noticed in the corona at other times, are espe- 
cially prominent. 

Fig. 226 shows the corona of i860 as it was observed 
by Temple. 

Fig. 227 shows the corona of 1867. This is interesting 
as being a corona at the time of sun-spot minimum. 
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Fig. 228 represents the corona of 1868. This is a lai^er 
and more irregular corona than usual. 

The corona of r869 is shown in Fig- 279. 

Fig, 230 is a view of the corona of 1871 as seen by 
Capt. Tupman. 

Fig. 231 shows the same corona as seen by Faenander. 




Fig, 232 shows the same corona as photographed by 
Davis. 

Fig. 233 shows the corona of 187S made up from several 
views as combined by Professor Young. 

204. TAe Spectrum of the Corona. — The chief line id the 
spectrum of the corona is the one usually designated as 1474, 
and DOW known as the coronal line. It is seen as a dark line 
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oD ihe disk of tlie sun ; aad a spectroscope of great dispersive 
power shows this dark line to be closely double, Ihe lower 
component being one of the iron Hues, and the upper the 
coronal line. This dark line is shown at x, Fig. 234. 

Besides this bright line, the hydrogen lines appear faintly 
in the spectrum of the corona. The 1474 line has been . 




I traced with the spectroscope to an elevation of 
nearly twenty minutes above tlie moon's limb, and the hydro- 
gen lines nearly as far; and the lines were just as strong 
itt the middle of a dark rift as anywhere else. 

The substance which produces the 1474 line is unknown 
as yet. It seems to be something with a vapor-density far 
below lliat of hydrogen, which is the lightest sub.slance of 
which we have any knowledge. I can hardly be an -alio- 



209 

tropic " form of any terrestrial element, as some scientists have 
suggested; for in the most violent disturbances in prominences 
and near sun-spots, when the lines of hydrogen, magnesium, 
and other metals, are contorted and shattered by the rush of 
the contending elements, this line alone remains fine, sharp, 
and straight, a little brightened, but not otherwise affected. 




For the present it remains, like a few other lines in the spec- 
trum, an unexplained mysterj'. 

Besides bright lines, the corona shows also a faint continu- 
ous spectrum, in which have been observed a few of the more 
prominent dark hnes of the solar spectrum. 

This shows, that, while the corona may be in the main 
composed of glowing gas {as indicated by the bright lines ' 
uf its spectrum), it also contains considerable matter in such' ' 



a state as to reflect the sunlight, probably in the fonn of dust 
or fog. 

V. ECLIPSES. 

205. The Shadows of the Earth and Moon. — TheJ 

shadows cast by the earlli and moon are shown in Fig, 235. J 




Each shadow is seen to be made up of a dark ] 
called the umbra, and of a lighter portion called I 
penumbra. The light of the sun is completely excIude(I;V 
from the umbra, but only partially trom the jienumbnuJ 
The umbra is in the form of a cone, with its apex away'l 
trom the sun; though in the case of the earth's shadoicJ 
it tapers very slowly. The penumbra surrounds the i 
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and increases in size as we recede from the sun. The axis 
of the earth's shadow hes in the plane of the ecliptic, which y 
in the figure is the surface of the page. As the moon's 
orhit is inclined five degrees to the plane of the ecliptic, 
the axis of the moon's shadow will sometimes lie above, 




and sometimes below, the ecliptic. It wi!I lie on the ecliptic, i 
only when the moon is at one of her nodes. 

206. il'A^-n there will be an Eclipse of the Moon. — 1 
The moon is eclipsed whenever it passes into the umbra 
of the earth's shadow. It will be seen from the figure thai 
Ihe moon can pass into the shadow of the earth only when ■ 
she is in opposition, or at full. Owing to the inclina- 
tion of the moon's orbit to the ecliptic, the moon will pass, f 
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either above or below the earth's shadow when she is at 
ftili, unless she hapiiena lo be near her node at this time : 
hence there is not an eclipse of the naoon every month. 

When the moon simply passes into the peiaumbra of the i 
earth's shadow, the light of the moon is somewhat dimmed,; I 




but not sufficiently to attract aitenlionj or to be denomi- | 
nated an eclipse. 

207. rite Liiiuir Ecliptic Limils.~\n Kig. 236 the 
AB represents the plane of tlic ecliptic, and tlie line CD t 
moon's orbit. The large black circles on the line^5repr^ 
sent sections of the umbra of the earth's shadow, and t 
smaller circles on CZ> represent tlie moon at full. It will 
■ It, if the moon is fiiH at E, she will just graze t 




ASTRONOMY. 



21 4 



umbra of the earth's shadow. In this case she will suffer no 
eclipse. Were the moon full at any point nearer her node, as 
at F, she would pass into the umbra of the earth's shadow, and 
would be partially eclipsed. Were the moon full at G, she 
would pass through the centre of the earth's shadow, and be 
totally eclipsed. 

It will be seen from the figure that full moon must o 




distance from her node, i 
order that there may be a lunar eclipse; and this space is 
called the lunar ecliptic limits. 

The farther the earth is from the sun, the less rapidly does 
its shadow taper, and therefore the greater its diameter at the 
distance of the moon ; and, the nearer the moon to the earth, 
the greater the diameter of the earth's shadow at the distance 
of the moon. Ut course, the greater the diameter of the 



the greater the ecliptic limits : hence the hmar 
to time, according to 
and from the earth 
eclipse is inevitable 
ninar ecliptic limits; 
iible under some cir- 
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earth's sf 

ecliptic limits vary somewhat from 

the distance from the earth to the si 

to the moon. The limits within which a 

under all circumstances are called the 

and those within which an eclipse is po 

cumstances, the major ecliptic limits. 

2o8. Lunar Eclipses. — Fig. 137 shows the path of the 
moon through the earth's shadow in the case of a partial 
eclipse. The magnitiiiie of such an eclipse depenrls upon 
the nearness of the moon to her nodes. 'ITie magnitude of 
an eclipse is usually denoted in digits, a digit being one- 
twelfth of the diameter of the moon. 

Fig. 238 shows the path of the moon through the earth's 
I shadow in the 
case of a total 
eclipse. It will 
he seen from 
I lie figure that 
it is not neces- 
sary tor ihe moon 
to pass through 
the centre of the 
total eclipse. When 
the mooii passes through the centre of ihe earth's shadow, 
the eclipse is both ("oto/and central. 

At the time of a lotal eclipse, the moon is not entirely 
invisible, but shines with a faint copper- colored light. This 
light is refracted into the shadow by the earth's atmosphere, 
and its amount varies with the quantity of clouds and vapor 
in that portion of the atmosphere which the sunlight must 
graze in order to reach the moon. 

The duration of ati eclipse varies between very wide 
limits, being, of course, greatest when the eclipse is central. 
A total eclipse of the moon may last nearly two hours, or. 
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including the partial portions of the eclipse, three or four 1 
hours. 




Every eclipse of llie moon, whether total or partial, is 
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visible at the same time to tlie whole hemisphere of t 
earth which is turned towards the moon ; and the ecUps 
will have exactly the same magnitude at every point i 
observation. 




209. IV/ieii there will be an Eclipse of the Sun. — 
There will be an eclipse of the sun iv/ienever any portion 
of the moon's shallow is thrown on the earth. It will be 
seen from Fig. 235 that this can occur only when the moon 




Fig. 137. 

is in conjunction, or at new. It does not occur every 
month, because, owing to the inclination of the moon's orbit 
to the ecliptic, the moon's shadow is usually thrown either 
above or below ihe earth at ihe time of new moon. There 
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can be an eclipse of the sud only when new moon o 
at or near one of the nodes of her orbit. 

2IO. Solar Ecliptic Limits. — T\\c distances from the n 
node within which a new moon would throw some portion of 
its shadow on the earth so as to produce an ecUpse of the 
sun are called the solar ecliptic limits. As in the case of 
the moon, tliere are mafaraad )«/Vfo/- ecliptic limits; the former 
being the limits within which an eclipse of the sun is pos. 
bU under some circumstances, and the latter those under which | 
an eclipse is iiievitalili under all c 




The limits w thm which a solar eclipse may occur are 
greater than those withm which a lunar echpse may occur 
This will be evident from an examinition of Fig 235 Were 
the moon in that figure just outside of the lines A B and CD 
it will be seen thit the penumbra cf her shadow would just 
graze the enrth hence the moon must be some«here within 
the space bounded by these hnes in order to cause an eclipse 
of the sun Now these hnes mark tlie prolongation to the 
sun of the tune of the umbra of the earth s shadow hence, 
in order to produce an eclipse of the sun new moon must I 
occur somewhere within this prolonealion of the umbra of the J 
earth^s shadow Now it is evident that the diameter of thiftj 
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cone is greater on the side of the earth toward the s 
OR the opposite side: hence the solar ecliptic limits are 
than the lunar ecliptic limits. 

211. So/ar Edifsei. — .\n observer in the umbra of the 
moon's shadow would see a lolal eclipse of the sun, while 




one in the p iiuriii i j \mhiI(I -.ll <m\s i/.;///,// cr lipse. The 
magnitude of thia jiartial eclipse would depend upon the 
distance of the observer from the umbra of the moon's 
shadow. 
The umbra of the moon's shadow v-, \wx about long 




] 



m^^ I 



idi 



■ point of this 
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shadow tills short o( the earth's 
F'g 239, and sometimes it falis upon the earth, as shown 
in Fig 240 jccordmg to the virying distance of the sun 
and moon from the earth. The diameter of the umbra at 
the surface of the earth is seldom more than a hundred 
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miles : hence the belt of a total eclipse is, on the average, 
not more than a hundred miles wide ; and a total eclipse 
seldom lasts more than five or six minutes, and sometimes 
only a few seconds. Owing, however, to the rotation of i 
the earth, the umbra of the moon's shadow may pass over I 
a long reach of the earth's surface. Fig, 241 shows thej 




track of the umbra of the moons hidow over the earth 
m the totil eclipse of I'fGo 

Fig 242 shows the tmck of the total eclipse of 1871 
across India and the adjacent seas 

In a partial eclipse of the sun more or less of one side 1 
of the sun s disk is usually concealed as shown in Fig 243 
Occasionally however the centre of the sun a disk is 1 
ered, leaving a bnght nng around the margin as shown in I 
Fig 344 Such an eclipse is called an annular edipse 
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only to observers who are in llie central porlion of th^l 
penutnbra. 

212. Comparative Frequency nf Sel<ir and Lunar% 
Eclipses. — There are more eclipses of the sun in the yea 
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than of the moon , and yet, at any one place, eclipses o&l 
the moon are more frequent than those of the sun 

There are more lunar than solar eclipses because as wkM 
have seen the limits » thin which a sohr ethpse may occur-1 
are greater than those within which a lunar eclipse may occui 
There are more eclipses of [he moon vis hie at anv one plac 
than of the sun Hlciusc is we ha\e seen in echpse of the 




moon, whenever it does occur, is visible to a whole hemisphet 
at a time, while an eclipse of the sun is visible to only a pol^B 
tion of a hemisphere, and a total eclipse to only a very smalt'1 
portion of a hemisphere. A total eclipse of the sun is, therft- 1 
fore, a very rare occurrence at any one place. 

The greatest number of eclipses that can occur in a year is I 
seven, and the least number, two. In the former case, 
may be of the sun and two of the moon, or four of the 
and three of the moon. In the latter case, both must be of thr I 



VI. THE THRKE GROUPS OF PLANETS. 

I. GENERAL CHARACTERiSTlCS OF THE 
GROUPS. 

P r2i3. T/ic Inner Graup.^The inntr group of planetsJ 
15 composed of Mercury, Venus, the Earth, and Mart, ■if 
that is, of all the planets which lie between the asteroidt 
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aiid the sun. The planets of this group are comparatively 
small and dense. So far as known, they rotate on their 
axes in about twenty-four hours, and they are either entirely 
without moons, or are attended by comparadvely few. 
The comparative sizes and ecceotiicities of the orbits of 




this group are shown in Fig. 145. The dots round the orbits 
show the position of the planets at intervals of ten days. 

ai4. The Outer Group. — The outer group of planets 
is composed of yupiter, Saturn, Uranus, and Neptune. 
Tliese planets are all very large and of slight density. So 
far as known, ihey rotate on their axes in about ten hours. 
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and are accompanied with complicated systems of moons. 
Fig, 246, which represents the comparative sizes of the 
planets, shows at a glance the immense difference between 
those of the inner and outer group. Fig. 247 shows the 
comparative sizes and eccentricities of the orbits of the 
outer planets. The dots round the orbits sliow the position 
of the planets at intervals 
of a thousand days. 

215. The Asteroids.— 
Between the inner am 
outer groups of planet 
there is a great number I 
of very small planets 
known as the minor plar, 
els, or asteroids. Ove 
two hundred planets be- 
longing to this group 
have already been dis-' I 
covered. Tlieir orbits are j 
shown by the dotted lines 
in Fig. 247. The sizes 
of the four largest of 
these planets, compared 
with the earth, are shown 
in Fig. 248. 

The asteroids of this ^"^^ '**■ 

group are distinguished from the other planets, not only by 
their small size, but by the great eccentdciries and inclina- 
tions of their orbits. If we except Mercury, none of Ihe 
larger planets has an eccentricity amounting to one-tenth 
the diameter of its orbit (43), nor is any orbit inclined more 
than two or three degrees 10 the ecliptic ; but the inclina- 
tions of many of the minor planets exceed ten degrees, and 
the eccentricities frequently amount to an eighth of the 
orbital diameter. The orbit of Pallas is inclined thirty-four 
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degrees to the ecliptic, while there are some planets of 
this group whose orbits nearly coincide with the plane of 
the ecliptic. 

Fig. 249 shows one of the most and one of the least 
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eccentric of the orbits of this group as compared with that 
of the earth. 

The intricate complexity of the orbits of the asteroids is 
shown in Fig. 250. 
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can be an eclipse of the sun only when new moon occurs 
at or near one of the nodes of her orbit. 

210. Solar Ecliptic Limits. — lYib distances from the moon's 
node within which a new moon would throw some portion of 
its shadow on the earth so as to produce an eclipse of the 
sun are called the solar ecliptic limits. As in the case of 
the moon, there are major and minor ecliptic limits ; the former 
being the limits within which an eclipse of the sun is Possi- 
ble under some circumstances, and the hitter those under which 
an eclipse is inmiitable vmder all c 




The limits within which a lolir eclipse ma\ otcur ; 
greater than those within which a lunar eclipse maj occur 
This will be evident from an examinition of Fig 235 Were 
the moon m that figure just outside of the lines I B and CD 
it will be seen thai the penumbra of her shadow would just 
graze the earth hence the moon must be somewhere within 
the spnce bounded bj these hnes in order to ciuse an eclipse 
of the sun Now, these lines mark the prolongation to the 
sun of the cone of (he umbra of the earth's shadow hence 
in order to produce an eclipse of the sun new moon must 
occur somewhere within this proloni^tion of the umbra of the 
earth's shad « Now il is evident tliat the diameter of this 
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irom the earth at inferior conjunction also varies consJdef 
bly. Mercury is nearest to the earth when its infer 
conjunction occurs at its own aphelion and at the earttd 
perihelion. 

21 8. Apparent She of Mercury. — Since Mercury's c 
tance from the earth is variable, the apparent size of t 




planet is also variable. Fig. 252 shows its apparent size 1 
its extreme and mean distances from the earth. Its apps 
ent diameter varies from five seconds to twelve seconds. 
219. Volume and Density of Mercury. — The : 
diameter of Mercury is about three thousand miles, 
size, compared with that of the earth, is shown in ] 
253. The earth is about sixteen limes as large as Me| 
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cury ; but Mercury is about one-fifth more dense than the 

aao. Greatest Elongation of Mercury. — Mercury, being 
an inferior planet (or one within the orbit of the earth), 
appears to oscillate 
to and fro across 
the sun. Its great- 
est apparent distance 
from llic sun, or its 
greatest elongation, 
varies considerably. xL 
The farther Mercury 
is from the sun, and 
the nearer the earth 
is to Mercury, the 
greater is its angular 
distance from the sun 

at ihe lime of its ^'s- '='■ 

greatest elongation. Under the most favorable 
stances, the greatest elongation amounts to about twenty- ' 
eight degrees, and under the least favorable to only sixteen 1 
or seventeen degrees. 

azi. Sidereal and Synoslical Peiimh of Merxury. — Mer- 1 
accomplishes j 
mplete re vol u- 
n around Ihe sun 1 
in about eighty- 
eight days ; but it I 
takes it a hundred ] 
■''«■ '5'. and sixteen days to I 

pass from its greatest elongation east to the same elonga- • 
lion again. The orbital motion of this planet is at 
rate of nearly thirty miles a second. 

In Fig. 251, P'" represents elongation east of the s 
and P' elongation west. It will be seen that it is mucbl 
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farther from P" around to P" than from I* on to /^ 
Mercury is only about fort> eight daja in passing from 
greatest elongation east to greatest elongation west while 
it IS about sixt} eight dajs in passing bick again 

322 Visibility of Aferciiry — -Mercury is too close to 

El 

the sun for fiv arable obsenation It is never seen long 
after sunset or long before svinnse and ne\erfar from the 
horizon When \isible at all it must be sought for low 
down in the west shortl) after sunset or low in the east 
shorllv before sunrise accord 






ing as the planet is at its east 
or west elonfcition It is often 
visible to the nakeci e*e m our 
latitude but the illumination 
of the tttihght sU and the 
excess of vapor in our atmos- 
I here near the lionzon Lom 
bine to make the telescopic 
sludv of the pKnet difficult 




223 The 4ii!i sphere a 
ury seems to be surrounde 

jroof of the existence of 
t the time of the planet 

ran, which occasionally haj 


and uusatisfaLtorj 
ni Sufface of Mercun — Mer 
d by a dense atmosphere One 
uch an atmosphere is furnished 
s transit across the disk of the 
pens The planet ib then seat 
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surrounded by i border, as shown m Fig 254 A bright 
spot has aho been observed on the dark disk of the planet 
during a transit as shown in Fig -"^s Ilif Vrrd 1 tr 1111I 
the planet seems to 
be due to the action 
of the planets atinos 
phcre, but it is dif 
ficull to at. count for 
the bnght spot 

bchroler 1 cele 
brited German as 
tronomer, at about the 
Leginning of the pres 
ent centurj, thought 
that he delected spotsi 
ind shadings on the , 
disk nf the planet 
which indicated both ''* '" 

the presence of an atmosphere and of elevations The 
shading a!ong the tenninator, which seemed to mrtieale 
the presence of a twilight and therefore ot an itmos 
phire IS shown in Vig ■'56 It also shows the llunled 





aspect of one af the cusps, which Schroter noticed at times, 
and which he ailributed to the shadow of a mountain, 
estimated to be ten or twelve miles high. Fig. a57sho«« 
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this motinlaln near the upper cusp, as Schroter believed he 
saw it in the year [800. By watching certain marks upon 
the disk of Mercurj-, Schroter canie to the conclusion that 
the planet rotates on its axis in about twenty-four hours. 
Modem observers, with more powerfijl telescopes, have 
failed to verify Schroter's observations as to the indications 
of an atmosphere and of elevations. Nothing is known 
with -certainty about the rotation of the planet. 

The border arotmd Mercury, and the bright spot on its 
disk at the time of the transit of tiie planet across the sun, 
have been seen since Schroter's time, and the existence of 
thest phenomena is now well established; but astronomers 
are far from being agreed as to 

za4. Intra- Mercurial Planets. 
— It has for some time been 
thought probable that there is a 
jroup of small planets between 
Mercury and the sun ; and at vari- 
ous times the discovery of such 
bodies has been announced. In 
[359 a French observer believed 
that he had detected an intra- 
.Mercurial planet, to which the name of Vulcan was given, 
and for which careful search has since been made, but with- 
out success. During the total eclipse of 1878 Professor 
Watson observed Iwo objects near the sun, which he thought 
to be planets; but this is still matter of controversy. 

Venus. 

225. The Orbit of F«i»j.— The orbit of Venus has" 
but slight eccentricity, differing less from a circle than that 
of any other large planet. It is inclined to the ecliptic some- 
what more than three degrees. The mean distance of the 
planet from the sun is about sixty-seven million miles. 
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2z6. Distance of Venus from the Earth. — The dis- 
tance of Venus from the earth varies within much wider 
limits than that of Mercury. When Venus is at inferior 
conjunction, her distance from the earth is ninety-two 
million miles minus sixty-seven million miies, or twenty- 
five million miles ; and when at superior conjunction it is 
ninety-two million miles plus sixty-seven million miles, or 
a hundred and fifty-nine million miles. Venus is consid- 
erably more than six times as far off at superior conjunc- 
tion as at inferior conjunction. 

227. Apparent Size of Venus. — Owing to the great 




variation in the distance of Venus from the earth, her 
apparent diameter varies frojn about ten seconds to about 
stKty-six seconds. Fig. 258 shows the apparent size of 
Venus at her extreme and mean distances from the earth. 

228. Volume and Density of (Vnaj.^The real size of 
Venus is about the same as that of the earlti, her diameter 
being only about three hundred miles less. The compara- 
tive sizes of the two planets are shown in Fig. 259. The 
density of Venus is a little less than that of tlie earth. 

229. The Greatest Elongation of Venus. — Venus, like 
Mercuiy, appears to oscillate to and fro across the sun. 
The angular value of the greatest elongation of Venus ' 
varies but slighdy, its greatest value being about for^-seven j 
degrees. 
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230, Sidereal and Synodkal Periods of Venus. — Tlie 
siitereat fieriod of Venus, or that of a complele revolution 
around the sun, is about two hundred and twenty-five days ; 
her orbital motion being at the rate of nearly twenty-two 
miles a second. Her synodical period, or the time it takes 
her to pass around from her greatest eastern elongation 
to the same elongation again, is. about fiie hundred and 
eightj four dajs, or eighteen months Venus is a hun- 
dred ind lorty MX days or nearly fi\e months, in passing 
from her greatest elongation east through inferior conjunc- 
tion to her greatest elongatio 




231. Venus as a Morning and an Evening Star, — For 
a period of about nine months, while Venus is passing from 
superior conjunction to her greatest eastern elongation, she 
will be east of the sun, and will therefore set after the 
sun. During this period she is the evening star, the Hespe- 
rus of the ancients. While passing from inferior conjunc- 
tion to superior conjunction, Venus is west of the sun, and 
therefore rises before the sun. Driring this period of nine 
months she is the morning star, the Phosphorus, or Lueifer, 
of the ancients. 

232. Brilliancy of Venus. — Next to the sun and moon, 
Venus is at times the most brilliant object in the heavens, 
being bright enough to be seen in daylight, and to cast 
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a distinct shadow at niglil. Her brightness, however, varies | 
considerably, owing to her phases and to her varying dis- 
tance from the earth. She does not appear briglitest when 
at full, for she is then farthest from the earth, at superior 
conjuncrion ; nor does she appear brightest when nearest the 
earth, at inferior conjunction, for her phase is then a thin 
crescent {see Fig. 258). She is most conspicuous while 1 
passing from her greatest eastern elongation to her great- 
est western elongation. After she has passed her eastern 
elongation, she becomes brighter and brighter till she is , 
within about forty degrees of the sun- Her phase at I 
this point in her orbit is 
shown in Fig. 260. Her 
lirilliancy then begins 
wane, until she comes too 
near the sun to be v 
bie. When she re-appears I 
on the west of the si 
she again becomes more | 
brilliant ; and her brilliar 
increases till she is about | 
forty degrees from the si 
when she is again at I 
brightest. Venus passes *' '''"" 

fi-oni her greatest brilliancy as an evening star to her great- 
est brilliancy as a morning star in aliout seventy-three days. 
Site has the same phase, and is at the same distance from I 
the earth, in both cases of maximum brilliancy. Of course, 
the brilliancy of Venus when at the maximum varies some- 
what from time to time, owing to the eccentricities of the 
orbits of the earth and of Venus, which cause her distance | 
from the earth, at her phase of greatest brilliancy, to vary. 
She is most brilliant when the phase of her greatest bril- 
liancy occurs when she is at her aphelion and the earth at 
its perihelion. 
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233. The Atmosphere and Surface of Venvs. — Schroter 
believed that he saw shadings and markings on Venus simi- 
lar to those on Mercury, indicating the presence of an 
atmosphere and of elevations on the surface of the planet- 
Fig. z6i represents the surface of Venus as it appeared 

09 

Pig. iOi. 

to this astronomer. By watching certain markings on the 
disk of Venus, Schroter came to the conclusion that Venus 
rotates on lier axis in about twenty-four hours. 

It is now generally conceded that Venus has a dense 
atmosphere ; but Schroter's obser- 
vations of the spots on her disk 
have not been verified by modem 
astronomers, and we really know 
nothing certainly of her rotation. 
I" ~ ^£^^^R^H n'^- Transits of Venus.— y^\i&n 

I ^I^^^^^S^^I Venus happens to be near one of 

I ^^^Hf^H^^^I th^ nodes her orbit when she 

I i^^^^^SB^^^H in inferior conjunction, she makes 

B ■«■ a- 3 transit across the sun's disk. 

F Th 

I ov( 

I sep 

^1 sur 

^^ as: 




These transits occur in pairs, separated by an interval of 
over a hundred years. The two transits of each pair are 
separated by an interval of eight years, the dates of the most 
recent being 1874 and 1882. Venus, like Mercury, appears 
surrounded with a border on passing acroris tiie sun's disk, 
s shown in Fig. 262, 
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Mars, 

235. Tlie Orbit of Mars. — The orbit of Mars is more 
eccentric than that of any of the larger planets, except 
Mercury; its eccentricity being about one-eleventh. The 
inclination of the orbit to the ecliptic is somewhat under 
two degrees. The mean distance of Mars from the sun 
is about a hundred and forty million miles ; but, owing to 
the eccentricity of his orbit, the distance varies from a hun- 
dred and fifty-three million miles to a hundred and twenty- 
sevent million miles. 

236. Distance of 
Mars from the 
Earth. — It will be 
seen, from Fig. 263, 
that a superior 
planet (or one out- A_ 
side the orbit of 
the earth), like 
Mare, is nearer the 
earth, by the whole 
diameter of the 
earth's orbit, when 
in opposition than 
when in conjunction. The mean distance of Mars from 
the earth, at the time of opposition, is a hundred and forty 
million miles minus ninety-two million miles, or forty-eight 
million miles. Owing to the eccentricity of the orbit of 
the earth and of Mars, the distance of this planet when 
in opposition varies considerably. WhtSi the earth is in 
aphehon, and Mars in perihelion, at the time of opposition, 
the distance of the planet from the earth is only aboiit 
thirty-three million miles. On the other hand, when the 
earth is in perihelion, and Mars in aphelion, at the time of 
opposition, the distance of the planet is over sixty-two 
million miles. 
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The mean distance of Mars from the earth when in 
conjunction is a huncked and forty million miles plus 
ninety-two miliion miles, or two hundred and thirty-two 
million miles. It will therefore be seen that Mars is nearly 
five times as far off at conjunction as at opposition. 




237. The Apparent She 0/ Mars. ^~ Owing to the vary- 
ing distance of Mare from the earth, the apparent size of 
the planet varies almost as much as that of Venus. Fig. 
264 shows the apparent size of Mars at its extreme and 
mean distances from the earth. The apparent diameter 
varies from about four seconds to about thirty seconds. 




238. TAe I 'olume and Demtly i/ Man — Among t 
larger planets Mars is next m size to Mercury Its real 
diameter is somewhat more than four thousand miles, and 
its bulk is about one-seventh of that of thi. c^rth Its size, 
compared with that of the earth is shown m Fig 265. 
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The density of Mars is only about three-fourths of that 
of the earth. 

239. Sidereal and Synodical Periods of Mars, — The 
sidereal period of Mars, or the time in which he makes a 
complete revolution around the sun, is about six hundred 
and eighty-seven days, or nearly twenty-three months ; but 
he is about seven hundred and eighty days in passing from 
opposition to opposition again, or in performing a synodical 
revolution. Mars moves in his orbit at the rate of about 
fifteen miles a second. 

240. Brilliancy of Mars, — When near his opposition. 
Mars is easily recognized with the naked eye by his fiery-red 
light. He is much more brilliant at some oppositions than 
at others, for reasons already explained (236), but always 
shines brighter than an ordinary star of the first magnitude. 

241. Telescopic Appearance of Mars. — When viewed 
with a good telescope (see Plate IV.), Mars is seen to be 
covered with dusky, dull-red patches, which are supposed 
to be continents, like those of our own globe. Other por- 
tions, of a greenish hue, are believed to be tracts of water. 
The ruddy color, which overpowers the green, and makes 
the whole planet seem red to the naked eye, was believed 
by Sir J. Herschel to be due to an ochrey tinge in the 
general soil, like that of the red sandstone districts on the 
earth. In a telescope. Mars appears less red, and the higher 
the power the less the intensity of the color. The disk, 
when well seen, is mapped out in a way which gives at once 
the impression of land and water. The bright part is red in- 
clining to orange, sometimes dotted with brown and greenish 
points. The darker spaces, which vary greatly in depth of 
tone, are of a dull gray-green, having the aspect of a fluid 
which absorbs the solar rays. The proportion of land to 
water on the earth appears to be reversed on Mars. On the 
earth every continent is an island ; on Mars all seas are 
lakes. Long, narrow straits are more common than on the 
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has been constructed from careful telescopic observatii 
The outlines, as seen in the telescope, are, however, 
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telescopic observaticn^^^^l 
<pe, are, however, muC^^^^H 
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less distinct than they are represented here ; and it is by 
no means certain that the light and dark portions are bodies 
of land and water. 

In the vicinity of the poles brilliant white spots may be 
noticed, wliich are considered by many astronomere to be 
masses of snow. This conjecture is favored by the fact 
that they appear to diminish under the sun's influence at 
the beginning of the Martial summer, and to increase again 
on tjie approach of winter. 

247. Rotation of Mars. — On watching Mars with a 
telescope, the spots on the disk are found to move (as 
shown in Fig. 268) in a manner which indicates that the 






planet rotates m about twenty lour hours on in a\ih in 
clmed about tneotj Light degrees from a perpendicular 
to the plane of its orbit The inclination of the axis is 
shown in Fig 269 It is evident from the figure lliat the 
\ariatiou m the length of day and night and the chanj,e 
of seasons are about the same on Hars as on the earth 
1 he changes will of course be somewhat greater and the 
seisons will be about twice as long 

243 Thr Suellitfs of Man —In 1877 Professor Hall 
of the Washington Observatory discovered that Mars !■> 
accompanied lij two small moons whoae orbits are shown 
in Fig 770 The inner satellite hia been mined Plwbos 
and the outer one Detmos It is estimated that the diame 
ter of the outer moon is from five to ten miLs and that 
of tht inner one from ten to forty miles 
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Phobos is remarkable for its nearness to the planet and 
the rapidity of its revolution, which is performed in seven 
houn thirt}--cight mimitcs. Its distance from the centre of 




the planet is about sis thousand miles, and from the surface 
less than four thousand Astronomers on Mars, with tele- 
scopes and eyes like ours, could readily lind out whether 



this satellite is inhabited, the distance being less than one- 
sixtieth of that of our moon. 

It will be seen that Phobos makes about three revolutions 
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to one rotation of the planet. It will, of course, rise in the 
west ; though the sun, the stars, and the other satellite rise 
in the east. Deimos makes a complete revolution in about 
thirty hours. 

III. THE ASTEROIDS. 

244. Bode^s Laiii of Planetary Distances, — There is a 
very remarkable law connecting the distances of the planets 
from the sun, which is generally known by the name of 
Bode's Law, Attention was drawn to it in 1778 by the 
astronomer Bode, but he was not really its author. 

To express this law we write the following series of num- 
bers : — 

o, 3, 6, 12, 24, 48, 96; 

each number, with the exception of the first, being double 
the one which precedes it. If we add 4 to each of these 
numbers, the series becomes — 

4, 7, 10, 16, 28, 52, 100; 

which series was known to Kepler. These numbers, with 
the exception of 28, are sensibly proportional to the dis- 
tances of the principal planets from the sun, the actual 
distances being as follows : — 

Mercury. Venus. Earth. Mars. Jupiter. Saturn. 

3'9 7*2 10 15-2 52-9 95*4 

245. The First Discovery of the Asteroids, — The great 
gap between Mars and Jupiter led astronomers, from the 
time of Kepler, to suspect the existence of an unknown 
planet in this region ; but no such planet was discovered 
till the beginning of the present century. Ceres was dis- 
covered Jan. I, 1801, Pallas in 1802, yuno in 1804, and 
Vesta in 1807. Then followed a long interval of thirty- 
eight years before Astrcea, the fifth of these minor planets, 
was discovered in 1845. 

246. Others'' s Hypothesis, — After the discovery of Pallas, 
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Olbers suggested his celebrated hypothesis, that the two 
bodies might be fragments of a single planet which had 
been shattered by some explosion. If such were the case, 
the orbits of all the fragments would at first intersect each 
other at the point where the explosion occurred. He there- 
fore thought it likely that other fragments would be found, 
especially if a searcii were kept up near the intersection of 
the orbits of Ceres and Pallas. 

Professor Newcomb makes the following observations con- 
cerning this hypothesis : — 

"The question whether these bodies could ever have formed 
a. single one has now become one of cosmogony rather than of 
astronomy. If a planet were shattered, the orbit of each frag- 
ment would al first pass through the point at which the explo- 
sion occurred, however widely they might be separated through 
the rest of their course ; but, owing to the secular changes 
produced by the attraclions of the other planets, this coinci- 
dence would not continue. The orbits would slowly move 
away, and after the lapse of a few thousand years no trace 
of a common intersection would be seen. It is therefore 
curious that Olbers and his contemporaries should have ex- 
pected to find such a region of intersection, as it implied that 
the explosion had occurred within a few thousand jears. The 
fact that the required conditions were not fulfilled was no argu- 
ment against the hypothesis, because the explosion might have 
occurred millions of years ago ; and in the mean time the peri- 
helion and node of each orbit would have made many entire 
revolutions, so that the orbits would have been completely 
mixed up. ... A different explanation of the group is given 
by the nebular hypothesis ; so thai Olbers 's hypothesis is no 
longer considered by astronomers." 

347. Later Discoveries of Asteroids, — Since 1845 over 
two hundred asteroids have been discovered. All these are 
so small, that it requires a very good telescope to see them ; 
and even in very powerful telescopes they appear as mere 
points of light, which can be distinguished from the stars 
only by the i 



^"1 m 

To facilitate the discovery of these bodies, very accurate ] 
maps have been constructed, including all the stars down to j 
the thirteenth magnitude in the neighborhood of the ecliptic. ^^J 
A reduced copy of one of these maps is shown in Fig. 271, ^^^H 

Furnished with a map of this kind, and with a telescope ^^^| 
powerful enough to show a!! the stars marked on it, the ^^^| 
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Fig. =7'- 
bserver who is searching for these smaJI planets will plaa 
the field of view of his telescope six spider-lines al righ 
ngles to each other, and at equal disUnces apart, in sue 
manner that seveml small squares wil! be formed, embra 
ng just as much of the heavens as do those shown in th 
lap. He will then direct his telescope to the region of th 

e abie to compare successively eati square with the corre 
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sponding portion of the sky. Fig, 272 shows at the right 
hand the squares in the telescopic field of view, and at the 
left hand the corresponding squares of the map. 

He can then assure himself if the numbers and positions of 
the stars mapped, and of the stars observed, are identical. If 
he observes in the field of view a luminous point which is not 
marked in the map, it is evident that either (he new body is a 
star of variable brightness which was not visible at the time 
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the map was made, or il is a planel. or perhaps a comet. If 
the new body remains fixed at the same point, it is the former ; 
but, if it changes its position with regard to the neighboring 
stars, it is the latter. The motion is generally so sensible, dial 
in the course of one evening tlie change of position maybe 
delected; and it can soon be determined, by the direction and 
rate of the motion, whether the body is a planet or a comet 

IV, OUTER CROUP OV PLANETS. 

JUPlfER. 

248. Orbil of yupiter. — The orbit of Jupiter is inclined 
only a little over one degree to the ecliptic ; and its eccen- 
tricity is only about half of that of Mars, being less than 
one-twentietii. The mean distance of Jupiter from the sun 
is about four hundred and eighty million miles; but, owing 
to the eccentricity of his orbit, his actual distance from the 
sun ranges from four hundred and fifiy-seven to five hun- 
dred and three million miles. 
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249. Distance of Jupiter from the Earth. — When J 
Jupiter is in opposition, his mean distance from the earth | 
is four hunilred aiid eighty milUon miles minus ninety-two 
million miles, or three hundred and eighty-eight million 
miles, and, when he is in conjunction, four hundred and 
eighty million miles plus ninety-two million miles, or . 
hundred and seventy-two million miles. It will be s 
that he is less than twice as far off in conjunction as in 1 
opposition, and that the ratio of his greatest to his leasl J 
distance is very much less than in the case of Venus and I 
Mars. This is owing to his very much greater distance from \ 
the sun. Owing to the eccentricities of ihe orljjts of the 



9«« 



earth and of Jupiter, the greatest and least distances of ] 
Jupiter from the earth vary somewhat from year to year. 

250. The Brightness and Apparent Size of Jupiter. —\ 
The apparent diameter of Jupiter varies from about fifty I 
seconds to about thirty seconds. His apparent size at his I 
extreme and mean distances from the earth is shown i 
Fig. 273. 

Jupiter shines with a briillant white light, which exceedsj 
that of every other planet except Venus. The planet is, \ 
of course, brightest when near opposition. 

251. The Volume and Density of Jupiter. — ]\i^\itT i 
ihe " giant planet " of our system, his mass largely exceed- I 
ing that of all the other planets combined. His meaOi^ 
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diameter is about eighty-five thousand miles ; but the cquft^ 
torial exceeds the polar diameter by five thousand miles. 
In volume he exceeds our earth about thirteen hundred 
limes, but in mass only about two hundred and ihirteen 
times. His specific gravity is, therefore, far less than that 
of the earth, and even less than that of water. The com- 
parative size of Jupiter and the earth is shown in Fig. 274. 

252. The Sidereal and Synodical Peiiods of yupiter. — .-I 
It lakes Jupiter nearly twelve years to make a sidereal revo- 




lution, or a complete revolution around the sun, his orbital 
motion being at the rate of about eight miles a second. 
His synodical period, or the time of his passage from oppo- 
sition to opposition again, is three Jiundred and ninety-e: 
daj's. 

253. The Telescopic Aspect of yw/z/fr. — There are Dft.J 
really permanent markings on the disk of Jupiter; but hif.J 
surface presents a very diversiiied appearance. The earliqr-l 
telescopic observers descried dark belts across it, one nor^^ 
of the equator, and the other south of it. With the i 
crease of telescopic ])t)wer, iC was seen that these ban 
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were of a more complex structure than had been supposed, 
and consisted of stratified, cloud-like appearances, varying 
greatly in form and number. These change so rapidly, that 
the face of the planet rarely presents the same appearance 
on two successive nights. They are most strongly marked 
at some distance on each side of the planet's equator, and 
thus appear as two belts under a low magnifying power. 

Both the outlines of the belts, and the color of portions 
of the planet, are subject to considerable changes. The 
equatorial regions, and the spaces between the belts gener- 
ally, are often of a rosy tinge. This color is sometimes 
strongly marked, while at other times hardly a trace of it 
can be seen. A general telescopic view of Jupiter is given 
in Plate V. 

2S4- The J^ysical Constitution of yupiler. — From the 
changeability of the belts, and of nearly all the visible 
features of Jupiter, it is clear that what we see on that 
planet is not the solid nucleus, but cloud-like formations, 
which cover the entire surface to a great depth. The planet 
appears to be covered with a deep and dense atmosphere, 
filled with thick masses of clouds and vapor. Until recently 
this cloud-laden atmosphere was supposed to be somewhat 
like that of our globe ; but at present the physical constitu- 
tion of Jupiter is believed to resemble that of the sun rather 
than that of the earth. Like the sun, he is brighter in the 
centre than near the edges, as is shown in the transits of 
the satellites over his disk. When the satellite first enters 
on the disk, it commonly seems like a bright spot on a 
dark background; but, as it approaches the centre, it 
appears like a dark spot on the bright surface of the 
planet. The centre is probably two or three times brighter 
than the edges. This may be, as in the case of the sun, 
because the light near the edge passes through a greater 
I depth of atmosphere, and is diminished by absorption. 

It has also been suspected that Jupiter shines partly by 
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liizi own light, and not wholly by reflected sunlight. Hit 
jilonet cannot, however, emit any great amount of light ; 
lor, if it did, the satellites would shine by tliis light when 
they are in the shadow of the planet, whereas they to- 
tally disappear. It is possible that the brighter portions 
of the surface are from time to time slightly self-lumi- 
nons. 

Again : the interior of Jupiter seems to be the seat of a 
activity so enormous that it can be ascribed only to inl 




fig. '75- 

heat. Rapitl movements ;ire alwaj^ occurring on his sur- 
face, often changing its aspect in a few hours. It is ther eJ|"] 
fore probable that Jupiter is not yet covered by i 
crust, and that the fiery interior, whether liquid or g 
is surrounded by the dense vapors which cease to be 1 
nous on rising into the higher and cooler regions of t 
atmosphere. Figs. 275 and 176 show the disk of J 
as it appeared in December, 18S1. 

255. Relation oj Jupiter. — Spots are sometimes visJM 
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which are much more permanent tlian the ordinary mark- I 
ings on the belts. The moat remarkable of these is "thej 




great red spot," which was first observed in July, 1878. 
and is still lo be seen in October, 1S82, It is shown! 
JList above the cenfre of the disk in Fig. 275. By watch- 
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i: of Jiipi'er's axi^l 
Jiours and fiftyl 
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The axis of Jupiter deviates but slightly from a % 
dicular to the plane of its orbit, as is shown in Fig. Z77. 
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Ihto. Their times of revolution range from about a day I 
and three-fourths up to aliout sixteen days and a half. 
Their orbits are shown in Fig. z8o. 

257. The Variability of yupiter's Satellites.— ^tmsxVa.- 
ble variations in the light of these moons have led to the 
supposition that violent changes are taking place on their 
sttrfaces. It vras formerly believed, that, like our moon, 







they always present the same face to the planet, and that 
the changes in their brilliancy are due to differences in the 
luminosity of parts of their surface which are successively 
turned towards us during a revolution ; but careful measure- 
ments of their light show that this hypothesis does not 
account for the changes, which are sometimes very sudden. 
The satellites are too distant for examination of their sur- 
faces with the telescope : hence it is impossible to give any 
certain explanation of these phenomena. 
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258. Eclipses of yufiter's ^a/c/Z/frj. — Jupiter, like thfrl 
earth, casts a shadow away from the sun, as Hhown in % 




shadow, it becomes eclipsed. On the other hand, wheiw 
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one of the moons throws its shadow on Jupiter, the sun is 
echpsed to that part of the planet which hes within the 
shadow. 

To the inhabitants of Jupiter (if there are any, and if 




they can see through the clouds) these echpses must be 
very famihar affairs ; for in consequence of the small incli- 
nations of the orbits of the satellites to the planet's equator, 
and the small inclination of the latter to the plane of 
Jupiter's orbit, aJI the satellites, except the most distant one, 
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are eclipsed in every revolution. A spectator on Jupiter 
might therefore witness during the planetary year forty-five 
hundred eclipses of the moons, and about the same number 
of the sun. 

259, Transits of 'Jupiter's Satellites. — Whenever one^ I 
of Jupiter's moons passes in front of the planet, it is said 
to make a transit across his disk. When a moon is making 
a transit, it presents its bright hemisphere towards the earth, 
as will be seen from Fig, z8j : hence it is usually seen as a 
bright spot on the planet's disk ; though sometimes, on the 
brighter central portions of the disk, it appears dark. 




It will be seen from Fig. 282 that the shadow of a moon 
does not fall upon the part of the planet's disk that is 
covered by the moon : hence we may observe the transit 
of both the moon and its shadow. The shadow appears 
as a small black spot, which will precede or follow the 
moon according to the position of the earth in its orbit. 
Fig. 283 shows two moons of Jupiter in transit. 

z6o. Occultations of yitpiter's Satellites. — The eclipse 
of a moon of Jupiter must be carefully distinguished from 
the oceidtation of a moon by the planet. In the case of 
an eclipse, the moon ceases to be visible, because the mass 
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of Jupiter is interposed between the sun and the moon, 
which ceases to be luminous, because the sun's light is cut 
off; but, in the case of an occullalion, the moon gels into 
such a position that the body of Jupiter is interposed be- 
tween it and the earth, thus rendering the moon invisible 
to us. The third satellite, m" (Fig. 282), is invisible from 
the earth E, having become occulted when it passed behind 
the planet's disk; but ^ 
it will not be eclipsed 
until it passes into the 
shadow of Jupiter. 

zb\. Jupiter withoul I 
Satellites. — It occasion- 
ally happens that every 
one of Jupiter's satel- 
lites will disappear at 
the same time, either 
by being eclipsed or 
occulted, or by being in 
transit. In this event, 
Jupiter will appear with- 
out satellites. This oc- 
curred on the 2ist of 
August, 1867. The po- 
sition of Jupiter's satellites at this time is shown in 
Fig. 284. 

Saturn. 
the planet and his moons. 

262. The Orbit of Saturn. — The orbit of Saturn is 
rather more eccentric than that of Jupiter, its eccentricity 
being somewhat more than one -twentieth. Its inclination 
to the eclipiic is about two degrees and a half. The mean 
distance of Saturn from the sun is about eight hundred and 
eighty million miles. It is about a hundred million miles 
nearer the sun at perihelion than at aphelion. 
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263. Distance of Saturn from the Earth. —"VnR i 
distance of Satum from the earth at opposition is eiglit 1- 
dred and eighty million miles minus ninety-two 1 
miles, or seven hnndred and eighty-eight million ; and s 
conjunction, eight hundred and eighty million miles 
ninety-two million, or nine hundred and seventy-two million^J 
Owing to the eccentricity of the orbit of Saturn, his ( 
tance from the earth at opposition and at conjunction vai 
by about a hundred million miles at different times i but 
is so immensely far away, that this is only a small fraction 
of his mean distance. 

264. Apparent Size and Brightness of Saturn. — The 
apparent diameter of Satum varies from about twenty sec- 
onds to abo\it fourteen secontis. His apparent size at his 




• and mean distances from the earth is shown i 
Fig. 285. 

The planet generally shines with the brilliancy of a i 
eralc first- magnitude star, and with a dingy, reddish 1 
as if seen through a smoky atmosphere. 

265. Vnlume and Density of Saturn. — The real dial 
ter of Saturn is about seventy thousand miles, an' 
volume over seven hundred times that of the earth, 
comparative size of the earth and Saturn is shown in Fig 
286. This planet is a little more than half as dense \ 
Jupiter. 

26G. The Sidereal and Synodical Periods of Satum,- 
Satum makes a complete revolution round the sun ia^ 
period of about twenty-nine years and a half, moving I 
his orbit at ihc rale of about six miles a second. 
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planet passes from opposition to opposition again in a 
period or three hundred and seventy-eight days, or thirteen 
days over a year. 

267. Physical Constitution of Saturn. — The physical 
constitution of Saturn seems to resemble that of Jupiter; 
but, being twice as far away, the planet cannot be so well 
itudied. The farther an object is from the sun, the less it 
is illuminated ; and, the farther it is from the earth, the 




smaller it appears : hence there is a double difficulty in 
examining the more distant planets. Under favorable cir- 
cumstances, the surface of Saturn Is seen to be diversified 
with very faint markings ; and, with high telescopic powers, 
two or more \er>' faint streaks, or belts, may be discerned 
parallel to its equator. These belts, like those of Jupiter, 
change their aspect from time to time ; but they are so faint 
that the changes cannot be easily followed. It is only on 
rare occasions that the time of rotation can be determined 
from a study of the markings. 



z68. Rolation of Saturn. — On the evening of Dec. 7, \ 
1876) Professor HjUi, who had been observing the saleUites 1 
of Satum with the great Washington telescope (18), saw a ^^1 
l^rilliant white spot near the equator of the planet. It ^^H 
seemed as if an immense eruption of incandescent matter ^^| 
had suddenly burst up from the interior. The spot gradu- ^^^| 
ally spread itself out into a long light streak, of which the'^^^| 
brightest point was near the western end. It remained visi-*^^^^! 
ble until January, when it became faint and ill-defined, and ^^H 
the planet was lost in the rays of the sun. 1 
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Fig. ^7. 

From all the observations on this spot. Professor Ha 
ound the period of Satum lo be ten hours fourteen minutes 
eckoning by the brightest part of the streak. Had tb 
niddle of the streak been taken, the time would have beei 
ess, because the bright matter seemed to be carried aloOj 
n the direction of the planet's roiaiion. If this motku 
vas due to a wind, the velocity of the current must hav 
een between fifty and a hundred miles an hour. The ax 
f Saturn is inclined twenty-seven degrees from the pei 
jendicular to its orbll. 


F 

i 
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169. TTie Satellites of Saturn. — Saturn is accornpanied 
by eight moons. Seven of these are shown in Fig. 287. 
The names of these satellites, in the order of iheir distances 
from tiie pbnet, are given in the accompanying table : — 



\ 


NAME. 


from 
nanaio 


Sidei«i P«iod. 


— ■ 


DattoTDiKovcfy. 






=4S*-' 

965.3™ 
1,313,800 


o«i7 
■ 8 J3 


d. 






Rha '. 
Titan . . 
Hyperion 




CaBbi . - 
Casini . . 
Ca«bd . . 
H«,ghen> . 
Bond . . . 
Cassini . . 


Aug. ,8, .7B9. 
March, i6§,. 
March. .684. 
Dec. 03, 1671. 
March J5, l6ss. 
Srp,. ,6. ,B4B. 
October, 1671. 



The apparent brightness or visibility of these satellites 
follows the order of their discovery. The smallest telescope 
will show Titan, and one o£ verj- moderate size will show 
Japetus in the western part of its orbit. An instrument of 
four or five inches aperture will show Rhea, and perhaps 
Tethys and Dione; while seven or eight inches are required 
for Enceladus, even at its greatest elongation from the planet. 
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faint as Hyperion, and can be seen only in large telescopes. 
When west of the planet, it is bright; when east of il, faint. 
This peculiarity has been accounted for by supposing that the 
satellite, like our moon, always presents the same face to the 
planet, and that one side of it is white and the other intensely 
black; but it is doubtful whether any known substance is so 
i:>Iack as one side of the satellite must be to account Cor such 
extraordinary changes of briUi-incj 

Titan, the largest of these satellites, is about the size 
of tiie largest satellite of Jupiter The relative sizes of 




the satellites are shown in Fig. 288. and their orbits in 
Fig. 2S9. 

Fig. 290 shows the transit of one of the satellites, and 
of its siudow, across the disk of the planet. 

THE RINGS OF SATURN. 

370, General Appearance of the Rings. — Saturn is siir 
rounded by a thin flat ring lying in the plane of its equator. 
This ring is probably less than a hundred miles thick. Tlie 1 
part of it nearest Saturn reflects little sunlight to us ; so that ' 
it has a dusky appearance, and is not easily seen, although 
it is not quite so dark as liie sky seen between it and the 
planet. The outer edge of this dusky iH)rtion of the ring 
is at a distance from Satiu'n of between two and thre 
times the e.inh's diameter. Outside of this dusky part of 
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the ring is a much brighter portion, atid outside of this 
another, which is somewhat fainter, but still so much brighter 
than the dusky part as to be easily seen- The width of the 
brighter parts of the ring is over three times the earth's 
diameter. To distinguish the parts, the outer one is called | 
ring A, the middle one ring £, and the dusky one ring C. 
Between A and B is an apparently open space, nearly two 
thousand miles wide, which looks like a black line on the 
ring. Other divisions in the ring have been noticed at 
times ; but this is the only one always seen with good tele- 
scopes at times when either side of the ring is in view from I 
the earth. The general telescopic appearance of the ring 
is shown in Fig. 291. 




Fig. 292 shows the divisions of the rings as they v 
seen by Bond. 

271. Phases of Saturn's Hing. — The ring is inclined ] 
to the plane of the planet's orbit by an angle of twenty- 
seven degrees. The general aspect from the earth is nearly ' 
the same as from the sim. As the planet revolves around 
the sun, the axis and plane of the ring keep the same 
direction in space, just as the axis of the earth and the 
plane of the equator do. 

When the planet is in one part of its 
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upper or northei 
twenty-seven deg 
can ever Ise seei 
Fig. ^93. 
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L side of the ring at an inclination of 

2es, tlie greatest angle at which the ring 

This phase of the ring is shown in 




When the planet has moved through a quarter of a 
revohition, the edge of tJie ring is turned towards the sun 
and the e.irth; and, owing to its extreme thinness, it is 
visible only in the most powerful telescopes as ;i line line 



of light, stretching out on each side of the planet. This 
phase of the ring is shown in Fig. 394. 

All the satellites, except Japetus, revolve very nearly in 
the plane of the ring : consequently, when the edge of the 
ring is turned towards the earth, the satellites seem to swing 
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from one side of the planet to the other in a straight line, ^^^| 
running along the thin edge of the ring like beads on a ^^^| 
string. This pliase affords the best opportunity of seeing ^^^ 


k 




J 


Fig. ,95- 

le inner satellites, Mimas and Enceladus, which at othe 
mes are olwcured by the brilliancy of the ring. 

Fig, ^. 
Fig. 295 shows a phase of [he ring intermediate betwee 
le last two. 
Wlien the planet has moved ninety degrees farther, w 
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again see the ring at an angle of twenty-seven degrees ; but 
. now it is the lower or southern side which is visible. When 
it has moved nmety degrees farther, the edge of the ring 
is again turned towards the earth and sun. 

The successive phases of Saturn's ring during a complete 
revolution are shown in Fig. 396. 




\ 

y \ 

• 

1 
\ 
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1 
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i 


Fig. =97. 

It will be seen that there are two opposite points of 
Saturn's orbit in which the rings are turned edgewise to 
as, and two points half-way between the former in which 
he ring is seen at its maximum inclination of aboiit twenty- 
seven degrees. Since the planet performs a revolution in 
wenty-nine years and a half, these phases occur at average 
ntervals of about seven years and four months. 



ASTRONOMY. 



267 



272, Dhappc 



of Saturn's Ring. — It will be i 



trtm Fig. 297 that Ihe plane of the ring may not be turned I 



ictlylhe s 



towards the san and the earth 
also that the earth 
plane of the ring while Ihe sun is 
the %ure, £, E', E", and E'" 
When Saturn is at S', or opposite, 
will pass through the sun, and ther 
will be illumined. Were Saturn at S, and the earth at E', the 
plane of the ring would pass through the earth. This would 
: Ihe earth at E'", and Saturn at S''. 



time, and ' 
side of the 
shining on the other. In 
s tlie orbit of the earth. 
It E, the plane of the ring ^ 
only the edge of the ring ' 




Were Saturn at ^S" or at .S'", and the earth farther to the left or 
to the right, the sun would be shining on one side of the ring 
while we should be looking on the other. In all these cases 
the ring will disappear entirely in a telescope of ordinarj 
power. With very powerful telescopes the ring will appear, in 
the first two cases, as a thin line of light (Fig. 298). It will 
be seen that all these cases of disappearance must take place 
when Saturn is in the parts of his orbit intercepted between 
the parallel lines .1 C and BD. These hnes are tangent to 
the earth's orbit, which they enclose, and are parallel to the 
plane of Saturn's ring, As Saturn passes away from these 
two lines on either side, the rings appear more and more opent ■ 
When the dark side of the ring is in view, it appears as a I 
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black line crossing llie planet ; and on such occasions the sun 
light reflected from the outer and inner edges of the rings A 
and H enables us to see traces of the ring on each side of 
Saturn, at least in places where two such reflections come 
nearly together. Fig. 299 illustrates this reflection from the 
edges at the divisions of the rings. 

273. Chaugis ill Saturn's Ring. — The question ivhether 
changes are going on in the rings of Saturn is still unsettled. 
Some observers have believed that they saw additional divis- 
ions in the rings from time to time; but these may have been 
errors of vision, due partly to the shading uhich is Itnown to 
exist on portions of the ring. 




Professor Newcomb says. "As seen with Ilie great Wash- 
ington equatorial in the autumn of 1874, there was no great or 
sudden contr.ist between the inner or dark edge of the bright 
ring and the outer edge of the dusky ring. There was some 
suspicion that the one shaded into the other by insensible 
gradations. No one could for a moment suppose, as some 
observers have, that there was a separation between these two 
rings. All these considerations give rise to the question 
whether the dusky ring may not be growing at the expense 
of the inner bright ring." 

Struve, in 1851, advanced the startling theory that the inner 
edge of the ring was gradually approaching the planet, the 
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whole ring spreading inwards, and making the central opening 
smaller. The Iheory was based upon the descriptions and 
drawings of Ihe rings by the astronomers of the sevenleenth 
century, especially Huyghens, and the measures made by later 
astronomers up to iBjI. This supposed change in the dimen- 
sion of the ring is shown in Fig. 300. 

274. Conslilution ef Saturn's Ring. — The theory now gen- 
erally held by astronomers is, that the ring is composed of a 
cloud of satelhtes too small to be separately seen in the tele- 
scope, and too close together to admit of visible intervals 
between them. The ring looks solid, because its parts are 
too small and loo numerous to be seen singly. They are like 
the minute drops of water that make up clouds and fogs," 
which to our eyes seem like solid masses. In the dusky ring 
the particles may be so scattered that ive c.in see tlirough 



®®® 



the cloud, the duskiness being due to the blending of hght and 
darkness. Some believe, however, that the duskiness is caused 
by the darker color of the particles rather than by their being 
farther apart. 

Uranus. 
275. Oriit and Dimensions of Uranus. — Uranus, 
smallest of the outer group of planets, has a diameter of 
nearly thirty-two thousaDd miles. It is a little less dense 
than Jupiter, and its mean distance from the sun is about 
seventeen hundred and seventy millions of miles. Its orbit 
has about the same eccentricity as that of Jupiter, and is 
inclined less than a degree to the ecliptic. Uranus ma];?^ 





a revolution around the sun in eighty-four years, n 
the rate of a little over four miles a second. It 
to the naked eye as a star of the sixth magnitude. 

As seen in a large telescope, the planet has a decidedly 
sea-green color ; but no markings have with certainly been 
I detected on its disk, so that 
I nothing is really known with 
regard to its rotation. Fig. 
301 shows the comparative 
size of Uranus and the 
I earth. '^j 

276. Discoi'cry of Uranui. 
-This planet was discovered 
by Sir William Herschel in March, 1 781. He was engaged 
at the time in examining the small stars of the constellation 
Gemini, or the Twins. He noticed that this object which 
had attracted his attention, had an appreciable disk, and 
therefore could not be a star. He aisu perceived by its 
motion that it could not be 
a nebula ; he therefore con- 
cluded that it was a comet, 
and announced his discovery 
as such. On attempting to 
compute its orbit, it was 
soon found that its motions 
could be accounted for only 
on the supposition that it 
was moving in a circular 
orbit at about twice the dis- 
tance of Saturn from the 
sun. It vFas therefore recognized as a new planet, whose 
discovery nearly doubted the dimensions of the solar system 
as it was Ihen known. 

277. T/ii: Name of the Planif. — Herschel, out of compU 
ment to his patron. George III,, proposed 10 call the new 
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planet Georgium Sidus (the Georgian Star); but this name 
found little favor. The name of Herschel was proposed, and 
continued in use in England for a time, but did not meet with 
general approval. Various other names were sugge^ed, and 
finally that of Uranus was adopted. 

278. The Satellites of Uranus, — Uranus is accompanied 
by four satellites, whose orbits are shown in Fig. 302. These 
satellites are remarkable for the great inclination of their 
orbits to the plane of the planet's orbit, amounting to about 
eighty degrees, and for their retrograde motion; that is, 
they move from east to west, instead of from west to east, 
as in the case of all the planets and of all the satellites 
previously discovered. 

Neptune. 

2 79. Orbit and Dimensions of Neptune. — So far as 
known, Neptune is the most remote member of the solar 
system, its mean distance from the sun being twenty-seven 
hundred and seventy-five million miles. This distance is 
considerably less than twice that of Uranus. Neptune 
revolves around the sun in a period of a little less than 
a hundred and sixty-five years. Its orbit has but slight 
eccentricity, and is inclined less than two degrees to the 
ecliptic. This planet is considerably larger than Uranus, 
its diameter being nearly thirty-five thousand miles. It is 
somewhat less dense than Uranus. Neptune is invisible to 
the naked eye, and no telescope has revealed any markings 
on its disk : hence nothing is certainly known as to its 
rotation. Fig. 303 shows the comparative size of Neptune 
and the earth. 

280. The Discovery of Neptune, — The discovery of 
Neptune was made in 1846, and is justly regarded as one 
of the grandest triumphs of astronomy. 

Soon after Uranus was discovered, certain irregularities in 
its motion were observed, which could not be explained. It 
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h well knonn that the planets are all the while disturbing 
each other's motions, so that none of tliem describe perfect 
ellipses. These mutual disturbances are called ptriurba- 
tioHs. In the case of Uranus it was found, that, after 
making due allowance for the action of all the known 1 
planets, there were still certain perturbations in its course ' 
which had not been accounted for. This led astronomers 
to the suspicion that these might be caused by an unknown 
planet. Leverrier in France, and Adams in Kngland, inde- 
pendently of each other, set themselves the difficult problem 
of computing the position and magnitude of a planet which 
would produce these perturbations. Both, by a most labo- 
= computation, showed that the i 
I perturbations were such as would bsfl 
I produced by a planet revolving abotit* 
t about twice the distance 
nf Uranus, and having a mass some- 
ivhat greater than that of this planet ; 
md both pointed out the same part 
Fis- joi- of the heavens as that in which the 

planet ought to be found at that time. Almost immedi- 
ately after they had announced the conclusion to which 
they had arrived, the planet was found with the tele- 
scope. The astronomer who was searching for the planet 
at the suggestion of Leverrier was the firet to recognize 
it : hence I^everrier has obtained the chief credit of 1 
discovery. 

The observed planet is proved to be nearer than the < 
predicted by Leverrier and .\dams, and therefore of sna 
magnitude. 

281. The Obseri'ed Planet not the Preiikted One.— 
feasor Peirce nlways maintained that the planet found by o' 
vation was not the one whose existence had been predictC' 
Leverrier and Adams, though its action would completely e 
plain all the irregularities in the motion of Ura 




motions of Uranus. Each 
planet excluded the other; so 
that, if one was, the oilier was 
not They coincided in direc- 
tion from the earth at certain 
ejMchs, once in six hundred 
and fifty years. It was at one 
of these epochs that the pre- 
diction was made, and at no 
other lime for six centuries 
could the prediction of the 
one planet have revealed the F'B- 3=1- 

other. The observed planet was nut the predicted one." 

282. Bode's Law Disproved. — The following table gives 
the distances of the planets according to Bode's law, their 
actual distances, and the error of llie law in each case : — 



p„.„. 


Nun)hct> of Bode. 


^i. 


EnoB. 


Mercury .... 

Venus 

Earth 

Mara 

Minor planela . . 

J"!'"^^ 

Saturn ... ^;. . . 
Draniis . \ . . . 
Neptune .... 


+ 4= 4 
3 + 4= 7 
6+4= 10 
■ 2 + 4= 16 
24 + 4= =S 
48 + 4= 5= 
96 + 4 = 100 
192 + 4 = I9fi 
384 + 4 = 388 


3-9 

52.0 

9S'4 
191.9 

300.6 


0.8 

4.6 
S7.4 



It will be seen, that, before the discovery of Neptime, the 
agreement was so close as to indicate that this was an actual 
law of the distances ; but the discovery of tliis planet com- 
pletely disproved its existence. 



■ 
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283. TTie SateUiU of Neptune. ^'i' 
ied by at least one moon, whose or 
04. The orbit of this satellite is 1 
egrees to the plane of the ecliptic, an 
atellite is retrograde, or from east to w 

VII. COMETS AND M 
I. COMETS. 
L General Phenomena of 
^384. General Appearance of a Bn 
jright enough to be seen with the iiake 
f three parts, which run into each 

Fig. 305. 

shades off in every direction. The ni 
lined appear like a star shining throL 
fog ; and these two together form wh 
of the comet. 

The tail is a continuation of the co 


eptime is accompa- 1 

nt is shown in Fig. 

QcUned about thirty 1 

d the motion of the ^^^| 

ETEORS. ^^H 

CoMEns. ^^H 
iht Comet. — Comets ^^| 
d eye are composed 
other by insensible 
gradations. These 
are the nucleus, the 
coma, and the tail. 
The nucleus is the 
bright centre of the ^m 
comet, and appears ^^^| 
to the eye as a ^^^| 
star or planet. -^^^f 
coma <t^^H 
nebulous mass sur- ^^^| 
rounding the nu-^^^| 
cleus on all sidea,^^^| 
Close to the nucleti^^^^| 
it is almost as bright^^^f 
as the nucleus it-^^| 
self; but it gradually ^^| 
cleus and coma com-.^^H 
gh a small patch o£^^H 
at called the ^iraif^^H 

ma, and consists of s'^^H 
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stream of milky light, growing wider and fainter as it-d 
recedes from the head, till the eye is iinabk to trace it. 

The general appearance of one of the smaller of the 
briUiant comets is shown in Fig. 305. 




. General Apfea 
great majority of comets are 
naked eye, and are called 
tfUscopic comets. In these 
comets there seems to be 
a development of coma 
at the expense of nucleus 
and tail. 

the telescope fails to re- 
veal any nucleus at all in 

of these c 
other times the nucleus is 
so faint and iil-defined as 
to be barely distinguisha- 
ble. Fig. 306 shows a 
telescopic comet without 
any nucleus at all, and 

another with a slight condensation at the centre. In these 
comets it is generally impossible to distinguish the coma 
from the tail, the latter being either entirely invisible, a 
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Fig. 306, or el^e only an elongation of the coma, as shown 




Fig. 30a. 

in Fig. 307. Many comets appear simply as patches of 
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aS6. The J)evdopnient of Telescopic Comets on their 
Approach to the Sun. — As a nile, a!l comets look nearly 



I the reacli of tlie tele- 
ttle fon'g^ yatLhes 



alike when they first come ' 
scope. They appear at first 
out any tail, and often with- 
out any visible nucleus. As 
they approach the sun their 
peculiarities are rapidly de- 
veloped. Fig. 308 shows 
such a comet as first seen, 
and the gradual development 
of its nucleus, head, and 
tail, as it approaches the 



If the comet is only ! 
small one, the tail developed '■''«■ ^"'■ 

is small ; but these small appendages have a great variety 
of form in different comets. Fig. 309 shows the singular 







wliicli F.ticke's 




that their distinctive features ar 
these comets, when they first 
each other, but they also bear a 
scopic comets. 



'eloped in 1871. 
Figs. 310 and 311 show 
other pecuhar developments 
of telescopic comets. 

287. Development of Brilr 
Hunt Comets on their Ap- 
proach to the Sun. — Bril- 
liant comets, as well as 
telescopic comets, appear 
nearly alike when they come 
into the view of the lele- 
.scope ; and it is only on 
their approach to the sun 
developed. Not only do 
ome into view, resemble 
lose resemblance to tele- 
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As the comet approaches the sun, hright' vaporous jets 
two or three in number, are emitted from the nucleus on 
the side of the sun and in the direcdon of the sun. These 
lets, thoTigh directed towards the sun, are soon more or less 
carried backward, as if repelled by the sun. Fig. 319 
shows a succession of views of these jets as they were 
developed in the case of HalUy's comet in 1835. 

Fig. 3'»- 

The jets in this case seemed to have an oscillatory motion 
At 1 and i they seemed to be attracted towards the sun 
and in 3 to be repelled by hiin. In 4 and 5 they seemec 
to be again attracted, and in 6 to be repelled, but in a 
reverse direction lo that in 3. In 7 tiiey appeared to be 
again attracted. Bessel likened this oscillation of the jets 
to the vibration of a magnetic needle when presented to 
the pole of a magnet. 

In the case of larger comets these luminous jets are sur- 


! 
1 
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rounded by one of more envelops, which are thrown off in 
succession as the comet approaclies the sun. The forma- 
tion of these envelops was a conspicuous feature oi Dona/Ts 
comet of 1858. A rough view of the jets and llie surround- 
ing envelops is given in Fig, 313. Fig. 314 gives a view 
of the envelops without the jets. 

288. T)ie Tails o/Cowp/j. — The toZf of brilliant comets 
arc rapidly fomied as the comet approaches the sun, tlieir 
increase in length often , 
bemg at the rate of seve 
million miles 1 daj These | 
appendages aeera to i>t 
formed entireU out of the 
matter nhich is emitted I 
from the nucleus m the | 
luminous jets which are 
at first iluected tow irds 
the suu The tails of 
comets are, hone\er. alwa)s 
directed away from the sim, 
as shown in Fig. 315. 

It will be seen that the 
comet, as it approaches the 
sun, travels head foremost ; 
but as it leaves the sun it 
goes tail foremost. ^''^- 3'3- 

Tlie apparent length of the tail of a comet depends 
partly upon its real Jength, partly upon the distance of the 
comet, and partly upon the direction of the axis of the tail 
with reference to the line of vision. Tlie longer the tail, 
the nearer the comet ; and the more nearly at right angles 
to the line of vision is the axis of the tail, the greater is 
the apparent length of the tail. In the majority of cases 
the tails of comets measure only a few degrees ; but, in the 
case of many comets recorded in history, the tail has ex- 
tended half way across the heavens. 
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The till of a comet, when seen al ill is usually seraffl 
million miles in length and in some jiiitances the tail ta 
ong enough to reach across Ihc orbit of the earth, or twice 
as far as from the earth to the sun 

The laih of comets are apparentl} hollow, and are sorae- 
imes a million of milea in diameter So great however, 
s the tenuitj of the matter in them, that the fiintest stars 

Fig. 3M- 

are seen through it without any apparent obscm-ation. See 
Fig. 316, which is a view of the great comet of 1264. 

The tails of comets are sometimes straight, as in Fig 
316, but usually more or less curved, as in Fig. 317, which 
is a view of Donati's comet as it appeared at one time 
The tail of a comet is occasionally divided into a number 
of streamers, as in Figs. 318 and 319. Fig. 318 is a 
view of the great comet of 1744. arid Fig. 319 of the 
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great comet of 1861. No. 1, in Fig. 320, is a view of the 
comet of 1577 ; No. z, of the comet of 1680 ; and No. 3, 
of the comet of 1769. 

Fig. 321 shows some of the 
forms which the imagination 
of a superstitious age saw de- 
picted in comets, when these 
heavenly visitants were thought 
to be the forerunners of wars, 
liestilence, famine, and other 
dire calamities. 

289. Visibility of Cornels. — 
Even the brightest comets are 
visible only a short time near 
their perihelion passage. When 
near ihe sun, ihey sometimes 
-Ijecome very brilliant, and on 
rare occasions have been visible 
even at miil-day. [t is seldom 
that a comet can be seen, even 
with a powerful telescope, dur- 
ing its perihelion passage, un- 
less its perihelion is either in- 
side of the earth's orbit, or 
but little outside of it. 




MoTio!) AND Origin of Comets. 
290. Reepgnition of a Telescopic Comet. — It is impossi- 
ble to distinguish telescopic comets by their appearance 
from another class of heavenly bodies known as nebula. 
Such comets can be recognized only by their motion. 
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Thus, in Fig. 322, the upper and lower bodies look exactly 
alike ; but the upper one is found to remain stationary, 
while the lower one moves across the field of view. The 
upper one is thus shown to be a nebula, and the low^^ 
one a comet, 

291. Orbits of Comets, — All comets are found to m 
ill very eccentric ellipses, \a parabolas, or in hyperbolas. 

Since an ellipse is a 
closed curve (48) , all com- 
ets that move in ellipses, 
no matter how eccentric, 
are permanent members 
of the solar systei 
will return to the 
intervals of greater or 
length, according to 
size of the ellipses 
the rale of Ihe comi 
motion. 

Parabolas and hyperbo- 
las being ^/f« curves (48), 
comets that move in either 
of these orbits are only 
temporary members of our 
soiar system. After pass- 
ing the sun, they move 
unless deflected hither by 
the action of some heavenly body which they pass in their 
journey. 

Since a comet is visible only while it is near the sun, it \i^ 
impossible to tell, by tlie form of the jxirtion of the ortj 
which it describes during the period of its visibility, wheA 
it is a part of a ver>' elongated ellipse, a parabola, or 3 hyj 
bola. Thus in Fig. 323 are shown two orbits, one of whld 
is a very elongated ellipse, and the other a parabola. 




bers I 
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part ad, in each case, is the portion of the orijit described 
hy the comet during ils visibihty. While describing the dotted 




portions of the orbit, the comet is invisible. Now it is impos 




€!-bola, and, with a Itss velocity, ao ellipse. So, at any 
distance from the sun, there is a certain velocity which would 
cause a comet to describe a parabola ; while a greater velocity 
would cause it to describe a hyperbola, and a less velocity to 
describe an ellipse. If the comet is moviog in an ellipse, the 
less ils velocity, the less the eccentricity of its orbit : hence, in 
order to determine the form of the orbit of any comet, it is 
only necessary to ascertain its dislancc from the sun, 
velocity at any given time. 



rounded by one of more envelops, which are thrown off in 
succession as the comet approaches the sun. The forma 
tioo of these envelops was a conspicuous feature ai Donati'i 
comet of 1858. A rough view of the jets and the surround 
ing envelops is given in Fig. 313. Fig. 314 gives a view 
of the envelops without the jets. 

288. The, Tails of Comets. — The /rt/i of brilliant comet 
are rapidly fomied as the comet approaches the sun, theii 
inrrpfl'!!' in IpnjUh nfVpn 


1 


being at the rate of several 
million miles a day. These 
appendages seem to be 
formed entirely out of the 
matter which is emitted 
from the nucleus in the 
luminous jets which are 
at first directed towards 
the sun. The tails of 
comets are, however, always 
directed away from the sun, 
as shown in Fig. 315- 
It will be seen that the 
pp h h 
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comets which -ate known to be periodic, returning to the 

sun at regular intervals in elliptic orbits. Some of these 

have been observed at st 

eral returns, so that their I 

period has been determined 

with great certainty. In the 

case of others the perio- I 

dicity is inferred from the 

fact that the velocity fell 

so far short of the paralmli'' 

limit that the comet jivi.t 

move in an ellipse. The 

number of known periodic 

comets is increasing every Fig. jsi. 

year, three having been added to the list in 1881. 

The velocity of most comets is so near the parabohc limit 
that it is not possible to decide, from observations, whether it 
falls short o£ it, or exceeds it. In the case of a few comets 




./£>^' 



./£\. 



luries, and perhaps for many thoi 

293. Origin of Comets. — It is 

the original home of the comets i 



the ob: 
cate a minute 
velocity; but this cannot 
\ be confidently asserted, 
'i it is not, therefore, abse- 
il lutely certain that any 
J known comet revolves 
! in a hyperbolic orbit; 
J and thus it is possible 
I that all comets belong 
1' to our system, and will 
I ultimately return to it. 
' It is, however, certain, 
that, in the majority of 
cases, the return will be 
delayed for many cen- 
md years. 

low generally believed that 
n the stellar spaces outside 
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ol our solar system, and that they are drawn ipwards the 
one by one, in the long lapse of ages. Wen 
panied by planets, or were the planets immovable, a com» 
thus drawn in would whirl around the sun in a parabolic orbi 
and leave it again never to return, unless its path were aga 
deflected by its approach to some star. But. when a comet 
moving in a parabola, the slightest rHardatioit would change 
its orbit to an ellipse, and the slightest acceleration into a 
hyperbola. Owing to the motion of the several planets in 
their orbits, the velocity of a tomet would be changed on 
passing each of them. Whether its velocity would be acceler- 
ated or retarded, would depend upon the way in which it passed. 
Were the comet accelerated by the action of the planets, on 
its passage through our system, more than it was retarded by 
them, it would leave the system with a more than parabot' 
orbit, and would therefore move in a hyperbola. Were it, 
the contrary, retarded more than accelerated by the actii 
the planets, its velocity would be reduced, so that the c 
would move in a more or less elongated ellipse, and 
become a peraianent member of liie solar system. 

In the majority of cases the retardation would be so sli^ 
that it could not be detected by tlie most delicate observation, 
and the comet would return to the sun only after the expiration 
of tens or hundreds of thousands of years; but, were the 
comet to pass very near one of the larger planets, the retarda- 
tion might be sufficient to cause the comet to revolve in an 
eUiptical orbit of quite a short period. The orbit of a comet 
thus captured by a planet would have its aphelion point near 
the orbit of the planet which captured it. Now, it happens 
that each of the larger planets has a family of comets whose 
aphelia are about its own distance from the sun. It is there- 
fore probable that these comets have been captured by the 
action of tliese planets. As might be expected from the gigan- 
tic si/e of Jupiter, the Jovian family of comets is the largest. 
The orbits of several of the comets of this group are shown 
in Fig. 324. 

294. Number of Cornels. — The number of comets re- 
corded as visible to the naked eye since the birth of Christ 
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is about five hundred, while about two hundred telescopic 
comets have been observed since the invention of the tele- 
scope. The total number of comets observed since the 
Christian era is therefore about seven hundred. It is cer- 
tain, however, that only an insignificant fraction of all exist- 
ing comets have ever been observed. Since they can be 




seen only when near their perihelion, and since it is probable 
that the period of most of those which have been observed 
is reckoned by thousands of years (if, indeed, they ever 
return at all), our observations must be continued for many 
thousand yearB before we have seen all which come within 
range of our telescopes. Besides, as already stated {289), 
a comet can seldom Tie seen unless its perihelion is either 
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inside the orbit of the earth, or but little outside of it; and 
it is probable that the perihelia of the great majority of 
comets are beyond this limit of visibility. 

Remarkable Comets. 

295. The Cantfl of /(iSo.^The great comet of 1680, shown 
in Fig. 320, is one of ihe most celebrated on record. It was 
by his study of its motions that Newton proved the Orbit of 
a comet to be one of the conic sections, and therefore that 
these bodies move under the influence of gravity. This comet 
descended almost in 2. direct line to tlie sun, passing nearer to 
that luminary than any comet before known. Newlon esti- 
mated, that, at its perihelion point, it was exposed to a tempera- 
ture two thousand times that of red-hot iron. During its 
perihelion passage it was exceedingly brilliant. Halley sus- 
pected that this comet had a period of five hundred and 
seventy-five years, and that its first recorded appearance was 
in 43 B.C., its third in 1106, and its fourth in 16S0, If this is- 
its real period, it will return in 2255. The comet of 43 B.C. 
made its appearance just after the assassination of Julias 
Ciesar. The Romans called it the yuUan Star, and regarded 
it as a celestial chariot sent to convey the soul of Ciesar to the 
skies. It was seen two or three hours tjefore sunset, and con- 
tinued visible for eight successive days. The great comet cf 
1106 was described as an object of terrific splendor, and was 
visible in close proximity to the sun. The comet of 1680 has 
become celebrated, not only on account of its great brilliance, 
and on account of Newton's investigation of its orbit, but also 
on account of the speculation of the theologian Whislon in 
regard to it. He accepted five hundred and seventy-five years 
as its period, and calculated that one of its earlier apparitions 
must have occurred at the date of the flood, which he supposed 
to have been caused by its near approach to Ihe earth ; and he 
imagined that Ihe earth is doomed to be destroyed by fire on 
some future encounter with this comet. 

296. The Comet of iSii. — The great comet of 181 1, 3 view 
of which is given in Fig. 32:3, is, perhaps, the most remarkable 
comet on record. It was visible for nearly seventeen months, 
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and was very brilliant, allhough at its perihelion passage it 
was over a hundred million miles from the sun. Its tail was 
a hundred and twenty million miles in length, and several 
million miles through. It has been calculated that its aphelion 
point is about two hundred times as far from the sun as its 
perihelion point, or some seven times the distance of Neptune 
from the sun. Its period is estimated at about three thousand 
years. It was an object of superstitious terror, especially in 
the East. The Russians regarded it as presaging Napoleon's 
great and fat.il war willi Russia, 




297. Haliey's Comet. — Hallc> > ciiniet has Ijecoiiie ime of 
the most celebrated of modem times It is the tirst comet 
whose return was both predicted and observed. It made its 
appearance in 1682. Halley computed its orbit, and compared 
it with those of previous tomets, whose orbits he also com- 
puted from recorded observations He found that it coincided 
so exactly with that of the comet observed by Kepler in 1607, 
that there could be no doubt of the identity of the two orbits. 
So close were they together, that, were they both drawn \a the 
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heavens, the naked eye would almost see them joined into' one 
line. There could therefore be no doubt that the comet of 
1682 was the same that had appeared in 1607, and that it moved 
in an elliptic orbit, with 3 period of about sevenly-five years. 

He found thai this'l 
comet had previa ^ 
Liusly appeared i 
[531 and in 1456; 
he predicted 




tliat 



iQld r( 



[759, and a third lime in [S35. 
about 1911. The orbit of this 



retarded somewhiBC-l 
by the action of 
the planets on it in 
its passage through 
tlie solar system. 
1 1, however, qj 
peared again 1 
next Jippearanee will li 
shown in Fig. 326. 




in a telescope of moderate power, in 1835. This comet apf 
to be growing less brilliant. In 1456 it appeared a 
of great splendor; and coming as it did in a very superstitiw! 
age, soon after the fall of Constantinople, and during the 13 
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ened invasion of Europe by the Turks, it caused great alarm. 
Fig. 328 shows the changes undergone by the nucleus of this 
comet during its perihelion passage in 1S35. 

298. Encke's Came/. — l'hK telescopic comet, two views of 
which are given in Figs. 323 and 330, appeared in 1818. Encke 
computed its orbit, and found it to lie wholly within the orbit 
of Jupiter (Fig. 324), and the period to be about three years 
and a third. By comparing the intervals between the ! 




sivc returns of this comet, it has been ascertained tha 
orbit is continiially growing smaller and smaller. To act 
for the retardation of this comet, Olbers announced his cele- 
'braled hypothesis, that the celestial spaces are filled with a 
subfile resisting mtdium. This hypothesis was adopted by 
Encke, and has been accepted by certain other astronomers ; 
but it has by no means gained universal assent. 

zgg. Biela's Comet. — This comet appeared in i8z6, and 
was found to have a period of about six years and two thirds. 
On its return in 1845, it met with a singular, and a 
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plained, accident, which has reodered ihe otherwise rather 
insignificant comet famous. In November and December of 
. observed as usfial, witliout any thing remarka- 
ble aboiil it; but, in 
January of Ihe I ol- 
io wiag year, it was 
found to have been 




dix-ided into 
tincl parts, s 
appear as twc 
instead of on 



D dia- 



The 



fainter till 



first of very unequal 
brightness ; but, di 
iiig the foUoi 
month. 
Fie- Jjg. o( the 

y until it equalled its companion; it then grew 
t entirely disappeared, a month before its companion. 

The two parts were about two hundred thousand miles apart. 

Fig. 331 shows these 

two parts as they 

appeared on the iglh 

of February, and Fig. 

332 a.s they 

on the 2ist of Feb- 
ruary. On its return 

in 1852, the 



1^ <iq^^_ 
lowi^^^^H 
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apart. They are 

shown in Fig. 333 

as they appeared at 

this time. Sometimes one of 

and .sometimes Ihe other; so 

which was really the principal 



: parts appeared (he brighw 
it it was impossible to deciof 
net. The two portions p 
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out of view in September, and liave not been seen since; ^^^| 
although in 1872 the position of the comet would have been ^^^| 
especially favorable for observation. The comet appears to ^^^^ 
have become completely broken up, 1 
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The Comil w/ yi'^j. — The great comet of 184 
is given in Fig. 334. was favorably situated f 
ly in sQUlhern latitudes. It was exceedingly 

F,s 3" 

easily seen in full da\litlil in close proximi 
le apparent length of its tad was s)\t\ live 
real length a hundred and fift^ million miles, 


, a view 1 
r obser- ^^J 
brilliant, ^H 

> to the ^^H 
degrees, ^^H 
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twice tlie distance from the earth to the sun. This comet is 
cspecisilly remarkable on account of its near approach to the 
sui. At the time of its perihelion passage the distance of 
l!ie comet from the photosphere of the sun was less than 
one-fourteenth of the diameter of the sun. This distance was 
only one-half thai of the comet of i68q when at its perihelion. 
When at perihelion, this comet was plunging through the sun's 
outer atmosphere at the rate of one million, two hundred and _ 
eighty thousand miles an hour. It passed half way round tbel 
sun in the space of two hours, and its tail was whiried n 
tlirough a hundred and eighty degrees in that brief time. 




the tail extended alm0.1l dovible the earth's distance from the 
sun, the end of the tail must have traversed in two hours a 
space nearly equal to the circumference of the earth's orbit, — 
a distance which the earth, moving at the rale of about twenty 
miles a second, is a whole year in passing. It is almost impoEt- 
.sible to suppose that the matter forming this tail remained the ■ 
same throughout this tremendous sweep. 

301. Danati'i Comet. — The great comet of i8j8, known s 
Donaii's comet, was one of the most magnificent of moderB:fl 
times. When at ils brightest it was only about lifty miili»HiJ 
miles from the earth. Its tail was then more than fifty t 
lion miles long. Had the comet at this time been directljtl 
between the e;irlh and sun, the earth must have passed throuj' 
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its tail; but this did not otcur. The orbit of this coi 

found to be decidedly elliptic, with a period of about tn 

sand years. This comet is especially celebrated on 

of the careful telescopic observations of its nucleus an 

at the time of its perihelion passage. Attention has 

been called (287) to the clianges it 

underwent at that time. Its tail was 

curved, and of a curious feather-like 

form, as shown in Fig. 335. At times 

it developed lateral streamers, as shown 

in tig- 336. Fig. 337 shows the head 

of the comet as it was seen by Bond 

of tlie Harvard Obsen^atory, whose 

delineations of this comet have been 

justly celebrated. 

302. The Contft of 1S61. — The great 
comet of 1S61 is remarkable for its 
great brilliancy, for its peculiar fan- 
shaped tail, and for the probable pas- 
sage of the earth throiigH its tail, -Sir 
John Herschel declared that it far ex- 
ceeded in brilliancy any comet he had 
ever seen, not excepting 
and 185S. Sccchi found 
a hundred and eif;htee 
length, the largest but i. 
Fig. 33S shows this comet 
at one lime. Fig. 339 shows the posi- 
tion of the earth at E. in the tail of 
this comet, on the 3otli of June, Tfi6i. 
Fig. 340 shows the probable pass^e of 
the earth through the tail of the comet 
on that date. As the tail of a comet 
doubtle.ss consists of something much 
less dense than our atmosphere, it is not surprising 
noticeable effect was produced upon us by the encoun 
occurred. 

303. Ceggia's Comet. — This comet, which appeared 
looked very large, because it came very near the earth. 



ta tail to be 
degrees in 

appeared 




found to develop 




of this comet. Fig. 343 shows the sysleni of envelops that 
were developed during its perihelion passage. 
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304. The Comet of June, /5*7. — This comet, thouf,:i far 
from being one of the largest of modern times, was still very 




brilliant It will ever be memorable as the first brilliant C 
which has admitted of carcfu! examination with the ! 
troscope. 



Connection between Mf.teors and Cometh, 



305. ShootingSiars. — C 
clear night, wc frequently s 



ratching the heavens : 
m appearance as of a ! 
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shooting rapidly through a short space in the sky, and then 
suddenly disappearing. Three or four such skooting-slars 
may, on the average, be observed in the course of an hour. 
They are usually seen only a second or two ; but they some- 
times move slowly, and are visible much longer. These 
stars begin to be visible at an average height of about 
seventy-five miles, and tlicy disappear at an average height 
of about fifty miles. They are occasionally seen as high 
OS a hundred and fifty miles, and continue to be visible 
lill within thirty miles of the earth. Their visible paths 




vary from ten to a hundred miles in length, though they 
are occasionally two hundred or three hundred miles long, 
Their average velocity, relatively to the earth's surface, varies 
from ten to forty-five miles a second. 

The average number of shooting-stars visible to the 
naked eye at any one place is estimated at about a thou- 
sand an htiiir: and the average number large enough to 
be visible to the naked eye, that iraveree the atmosphere 
daily, is estimated at tiver eight millions. The number of 
telescopic shooting- stars would of course be much greater. 

Occasionally, shooting-stars leave behind them a trail of j 
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iight which lasts for several seconds. Thes 
times straight, as shown in Fig. 344, and sometimes curved 
as in Figs. 345 and 346. 'I'hey often disappear like t 
of smoke, as shoivn in Fig. 347. 




Sliooting -stars an- suun tn mini: in all directions through 
the heavens, 'Ihcir apparent paths are, however, generally 
inclined downward, though somedmes upward ; and afier 
midnight they come in the greatest numbers from thai 
quarter of the heavens toward which the earth i 
in its journey around ihe sun. 



loers irom inai 1 

;arth is moving' "^^H 
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306. Meteors, — Occasionally these bodies are brilliant 
enough to illuminate the whole heavens. They are then 
called meteors, altliough this terra is equally applicable 




L 



to ordinary shooting- stars. Sitcti a meteor is shown 
Fig. 348. 

Sometimes these brilliant meteors are seen to explode, 
as shown in Fig. 349; and the explosion is accompanied 
with a loud detonadouj like the discharge of cannon. 

Ordinary shooting-stare are not accompanied by any 



I 
1 



ASTRONOMY. 



audible sound, though they are sometimes seen to brcE^ 
in pieces. Meteors which explode with an audible souod' J 
are called detenating meteors. 




307. Aerolites. — There is no certain evidence that any | 
deposit from ordinary shooting-stars ever reaches the sur- I 



face uf the earth ; thuiigh a pecuhar dust has been found 
in certain localities, which has been supjiosed to be of 
meteoric origin, and which has l>een called meteoric i 
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But solid bodies occasionally descend to the earth from 
beyond our atmosphere, These generally penetrate a foot 
or more into the earth, and, if picked up soon after their 
fall, ace found to be wanii, ; 




bodies are called aerolites. When they have a atony appear- 
ance, and contain but little iron, they are called meteoric 
stones; when they have a metallic appearance, and are 
composed largely of iron, they are called meteoric iron. 







years, and iheir aggregate weight is twelve hundred and fifty 
pounds. The entire number of known aerolites the date of 
whose fall is well determined is two hundred and sixty-one. 
There are also on record seventy-four cases of which the dale 
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There have also been found eighty- 
lasses, which, from Iheir peculiar composition, are believed 
? aerolites, though their fall was not seen. The weight 




of these masses v.irie.s from a few pounds to several tons. 
The entire number of aerolites of which we have any knowl- 
edge is therefore about four hundred and twenty. 
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elements now recognized by chemists, about twenty have been . 
found in aerolites. 

While aerolites contain no new elements, their appearance 
is quite peculiar; and the compounds found in them are so 




pecuhar as to enable us by chemical analysis to distinguish 
an aerolite from any terrestrial substance. 

Iron ores are very abundant in nature, but iron in the 
metallic state is exceedingly rare. Now, aerolites invariably 
contain metallic iron, sometimes from ninety to ninety-six per 
cent This iron is malleable, and may be readily worked into 




cutting instruments. It always contains eight or ten per cent 
of nickel, together with small quantities of cobalt, copper, tir 
and chromium. This composition kas never been found t 
any terrestrial mineral. Aerolites also contain, usually i 
small amount, a compound of iron, nickel, and phosphorus 
which has nsver been found elsewhere. 
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Meteorites often present the ap]>earance of having been 
fused on the surface to a slight depth, and meteoric iroD is 
found to have a peculiar crystalline structure. The external 
appearance of a piece of meteoric iron found near Lock- _ 
port, N.Y., is shown in Fig, 350. Fig, 351 shows the peculiar 
internal structure of meteoric iron, 

308 Meteoioiis — Astronomers now universally hold 
that shooting stars meteors -md lerolites are all mmuKf 
bodies revolvuig like the comets about the sun 




^^&^^^»m^ 



ire moMng in every possible direction through the celestial 
spaces Thev may not average more than one m a million 
of cubic miles ind jet their total numbtr exceeds all calcu 
hlion Of the nature of the minuter bodies of this class 
nothing IS certainl) known Ihe earth is continually en 
countering them in its journej around the sun They are 
burned bj passing through the upper regions of our Btmoft> 
phere and the shooting star is simply llie light of t 
bummg These bodies which are invisible till they plui 
into the earth's atmosphere, are called metei-nnds. 

309. Origin I'/ lh« Light of Meteors. — When one 1 
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ihese meteoroids enters our atmosphere, the resistance of 
the air arrests its motion to some extent, and so converts 
a portion of its energy of motion into that of heat. The ' 
heat thus developed is sufficient to raise the raeteoroid and 
the air around it to incandescence, and in most cases 
either to cause the meteoroid to burn up, or to dissipate it 
as vapor. The luminous vapor thus formed constitutes the 
luminous train which occasionally accompanies a meteor, 
and often disappears as a puff of smoke. When a meteo- 
roid is large enough and refractory enough to resist the 
heat to which it is exposed, its motion is sufficiently arrested, 
on entering the lower layers of our atmosphere, to cause 
it to fall to the earth. We then have an aeroliU. A 
brilliant meteor differs from a shooting-star simply in mag- 
nitude. 

31D. The Itttensity of the Heat to which a Meteoroid is 
Exposed. — It has been ascertained by experiment that a body 
moving through the atmosphere at the rate of a hundred and 
twenty-five feet a second raises the temperature of the air 
immediately in front of it one degree, and (hat the temperature 
increases as the square of tlie velocity of the moving body ; 
that is 10 say, that, with a velocity of two hundred and fifty 
feet, the temperature in front of the body would be raised 
four degrees ; with a velocity of five hundred feet, sixteen 
degrees ; and so on. To find, therefore, the temperature to 
which a meteoroid would be exposed in passing through our 
atmosphere, we have merely to divide its velocity in feet per 
second by a hundred and twenty-five, and square the quotient.. 
With a velocity of forty-four miles a second in our atmosphere, 
a meteoroid would therefore be exposed to a temperature of 
between three and four million degrees. The air acts upon 
the body as if it were raised to this intense heat. At such a 
temperature small masses of the most refractory or incom- 
bustible substances known to us would flash into vapor with 
the evolution of intense light and heat. 

If one of these meteoric bodies is large enough to pass 



3 10 ASTRONOMY. 

through the atmosphere and reach the earth, without being 
volatilized by the heat, we have an aernlite. As it is:onlya 
few seconds in making the passage, the heat has not time to 
penetrate far into its interior, but is expended in melting and 
vaporizing the outer portions. The resistance of the denser 
strata of the atmosphere to the motion of the aerolite some- 
times becomes so enormous that the hotly is suddenly rcjit to 
pieces with a loud detonation. It seems like an explosion pro- 
duced by some disruptive action within the mass ; but there 
can be little doubt that it is due to the velocity — perhaps ti 
twenty, or thirty miles a second — with which the body strikM 
the air. 

If, on the other hand, the meteoroid is so small as t 
burned up or volatilized in the upper regions of the ats 
phere, we have a common shooting-star, or a 
or less brilliancy. 

311. Meteoric Showers. — On ordinary nights only four 
or five shooling-staxs are seen in an hour, and these move 
in every direction. Tlieir orbits lie in all possible positions, 
and are seemingly scattered at random. Such meteors i 
called sporadic meteors. On occasional nights, shooti^ 
stars are more numerous, and all move in a common c 
tion. Such a display is called a meteoric shower. 
showers tJi/fer greatly in brilliancy j but during any ( 
shower the meteors all appear to radiate from some c 
point in the heavens. If we mark on a celestial globe X 
apparent paths of the meteors which fall dui 
or if we trace them back on the celestial sphere, we » 
find that they all meet in the same point, as shown in Fig. ' 
353. This point is called the radiant point. It always 
appears in the same position, wherever the observer is situ- 
ated, and does not partake of the diurnal motion of the 
earth. As the stars move towards the west, the radiant 
point moves with ihem. The point in question is purely 
an effect of perspective, being the " vanishing point " of j 
the parallel lines in which the meteors are actually movii 
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These lines are seen, not in their real direction in space, 
but as projected on the celestial sphere. If we look up- 
wards, and watch snow falling through a calm atmosphere, 
the flakes which fall directly towards us do not seem to 
move at all, while the surrounding flakes seem to diverge 
from them on all sides. So, in a meteoric shower, a 
meteor coming directly towards the observer does not seem 




to move at all, and marks the point from which all the 
others seem to radiate, 

312. The August Meteors. — A meteoric shower of no 
great brilliancy occurs aimually about the loth of August. 
The radiant point of this shower is in the constellation Per- 
seus, and hence these meteors are often called the Perseids. 
The orbit of these meteoroids has bcL-n pretty accurately 
determined, and is shown in Fig. 353. 
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a group which traverses the orbit in a little over thirty- 
three years. A conjectural form of this condensed group is 
shown in Fig. 355. The group is so large that it takes it 
two or three years to pass the perihelion point : hence there 
may be a brilliant meteoric display two or three years in 
succession. 

The last brilliant display of these meteors was in the 
years 1866 and 1867. 



The display was visible 
in this country only a 
short time before sun- 
rise, and therefore did 
not attract general atten- 
tion. The display of 
1833 was remarkably 
brilliant in this country, 
and caused great con- 
sternation among the 
ignorant and supersti- 
tious. 

314. Connection between 
Meteors and Comets, — It 
has been found that a 
comet which appeared in 
1866, and which is desig- 
nated as 1866, I., has 
exactly the same orbit 
and period as the No- 



^S^aio:: 




Fig. 354. 



vember meteors, and that another comet, known as the 1862, 
III., has the same orbit as the August meteors. It has also 
been ascertained that a third comet, 1861, I., has the same 
orbit as a stream of meteors which the earth encounters in 
April. Furthermore, it was found, in 1872, that there was a 
small stream of meteors following in the train of the lost 
comet of Biela. These various orbits of comets and meteoric 
streams are shown in Fig. 356. The coincidence of the orbits 
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o£ comets and of meteoric streams indicates that these two 
classes of bodies are very closely related. They undoubtedly 
have a common origin. The fact that there is a stream of 
meteors in the train of Biela's comet has led to the sup- 
position that comets may become gradually disiategrated into 
meteoroids. 

Physical and Chemical CoNsnTunoN of Comets. 

315. Physical ConUitulion of Tchscopk Cornels. — We have 
no certain knnwledgc of Ihc physical constitution of telescopic 

comets. They are usually tens 
iif thousands of miles in diame- 
ttr, and yet of such tenuity that 
the smallest stars can readily be 
seen through them. It would 
seem that they must shine in 
part by reflected light ; yet the 
spectroscope shows that their 
speciruni is composed of bright 
Ijands, which would indicate that 
lliey are composed, in part at 
least, of incandescent gases. It 
is, however, difficult to conceive 
how these gases become suf- 
licienlly heated to be luminous; 
and at the same lime such 
gases would reflect no sunlight. 
It seems probable that these 
comets are really made up of a 
combination of small, sohd par- 
ticles in the form of minute 
meteoroids, and of gases which 
arc, perhaps, rendered luminous 
by electric discharges of sli^t 
'* 3"' intensity. 

316. Physical Consti'vtion of Large Comets. — In the case 
of lai^e comets the nucleus is either a dense mass of solid 
matter several hundred miles in diameter, or a dense group 
of meteoroids. Professor Peirce estimated that the density 
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of the nucleus is at least equal to that of iron. As such a 
QQmet approaches the sun, the nucleus is, to a slight extent, 
vaporized, and out of this vapor is formed the coma and the 
tail. 

That some evaporating process is going on from the nucleus 
of the comet is proved by the movements of the tail. It is 
evident that the tail cannot be an appendage carried along with 
the comet, as it seems to be. It is impossible that there 
should be any cohesion in matter of such tenuity that the 
smallest stars could be seen through a million of miles of it, 
and which is, moreover, continually changing its form. Then, 




Fig. 356. 

again, as a comet is passing its perihelion, the tail appears to 
be whirled from one side of the sun to another with a rapidity 
which would teai it to pieces if the movement were real. The 
tail seems to be, not something attached to the comet, and 
carried along with it, but a stream of vapor issuing from it, 
like smoke from a chimney. The matter of which it is com- 
posed is continually streaming outwards, and continually being 
replaced by fresh vapor from the nucleus. 

The vapor, as it emanates from the nucleus, is repelled by 
the sun with a force often two or three times as great as the 
ordinary solar attraction. The most probable explanation of 
this phenomenon is, that it is a case of electrical repulsion, the 
sun and the particles of the cometary mist being similarly 
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electrified. . With reference to this electrical theory of tlie 
formation of comets' tails, Professor Peircc makes Ihe follow- 
ing observation: "In its approach to the sun, the surface of 
the nucleus is rapidly heated : it is melted and vaporised, and 
subjected to frequent explosions. The vapor rises in its atmos- 
phere with a well-defined upper surface, which is known to 
observers as an envelop. . . . The electrification of the come- 
tary mist is analogous to that of our own thunder-clouds. Any 
portion of the coma which has received the opposite kind of 
electricity to the sun and to the repelled tail will be attracted. 
This gives a simple explanation of tlie negative tails which have 
been sometimes seen directed towards the sun. In cases ol 
violent explosion, the whole nucleus might be broken to pieces, 
and the coma dashed 
around so as to give 
varieties of tail, and even 
nniltiple tails. There 
seems, indeed, to be no 
observed phcn 
the tail 

ivith a reasonable modil^- 
cation of the theory." 
Professor Peirce regard- 
ed comets simply as the 
largest of the meteoroids. 
They appear to shine ])artly by reflei;ted sunlight, and partly 
by their own proper light, which seems to be that of vapor 
rendered luminous by an electric discharge of slight intensity. 

317. Collhien of a Comet and the Earth. — It sonJetimes 
happens that the orbit of a comet intersects that of the earth, 
as is shown in Fig. 357, which shows a portion of tlie orbit 
of Biela's comet, with the positions of the comet and of the 
earth in 1833. Of course, were a comet and the earth both to 
reach the intersection of their orbits at the same time, a col- 
lision of the two bodies would be inevitable. Witli reference 
to the probable effect of such a collision, Professor Newcomb 
remarks, — 

" The question is frequently asked, What would be 1 




1 

1 


ffect i£ a comet should strike the earth ? This would depen 
upon what sort of a comet it was, and what part o£ the come 

ame io contact with our planet. The latter might pass ihroug 
Jie tail of the largest comet without the slightest effect beinj 
produced; the tail being so thin and airy that a million mile 
hickness o£ it looks only hke gau/e in the sunlight. It is no 

t all unlikely that such a thing may have happened wilhou 

ver being noticed. A |)3ssage through a telescopic come 
A'ould be accompanied hy a brilliant meteoric shower, probabl 
far more brilliant one than has ever been recorded. Nt 
nore serious danger would be encountered than that arising 
rom a possible fall of meteorites; but a collision betweer 
he nucleus of a hrge comet and the earth might be a scriou 


1 


natter. If, as Professor Peircc supposes, the nucleus is a solio 
)ody of metallic density, many miles in diameter, the effec 
vhere the comet struck would be terrific beyond conception 
M the first contact in the upper regions of the atmosphere, th 

eyond that of a thousand suns, the sky radiating a light which 
vould Wind every eye that beheld it, and a heat which would 
neh the hardest rocks. A few seconds of this, while th 

sion at the earth's surface would in an instant reduce everj 
hing there existing to fiery vapor, and bury it miles deep in 
:ie solid earth. Happily, the chances of such a calamity ar 
minute that they need not cause the slightest uneasiness 
rhere ia hardly a possible form of death which is not a thou 
and times more probable than this. So small is Ihc earth in 
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comparison with the celestial spaces, that if one should shut 
his eyes, and fire a gun at random in the air, the cliance of 
bringing down a bird would be better than that of a comet of 
any kind striking the earth." 

31S. The Chemical Consiitulion 0/ Comets. — Fig. 358 shows 
the bands of the speclrum of a telescopic comet of 1873, as 
seen by two different observers. Fig. 359 shows the spectrum 
of Che coma and tail of the comet of 187.;; and the spectrum 
of the bright comet of iHSi showed the same three bands for 




a and tail. Now, these three bands are those of ce 
n hydrocarbon vapors; hence it would seem that the com 
1 tails of comets are composed chiefly of such vapors (315), 



II. THE ZODIACAL LIGHT. 
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319. The General Appearance of the Zotiiacal 1 
The phenomenon known as the zodiacal light consists < 
very faint luminosity, which may be seen rising from the 
western horizon after twilight on any clear winter or spring 
evening, also from the eastern horizon just before daybreak 
in the summer or autumn. It extends out on each side 
of the sun, and lies nearly in the plane of the ecUptic. It 
^ows fainter the farther it is from the su 
ally be traced to about ninety degrees from that lumini 




when it gradually fades away, In a very clear, tropii 
atmosphere, it has been traced all the way acrt 
heavens from east lo west, thus forming a complel 
The general appearance of this column of light, ; 
ill the mornijig, in the latitude of Europe, is shown ^ 
Fig. 360. 

Taking all these appearances together, they indicate that 
it is due to a. lens-shaped appendage surrounding the sun, 
and extending a little 
beyond the earth's 
orbit. It lies nearly 
in the plane of the 




320. T/ie Visibili 
(if the Zodiacal L 
— The reason w 
Midiacal light is 
favorably f 
evening during 
winterand spring tl 
evident from Fig. 362, which i] 
and the zodiacal light with refere 
f sunset in March i 
September the a 

that the phei 
and low dw 
of the a 



and fall is 
the position of the ediptit 
lo the western horizon at the t 
September. It will be seen th 
light forms a small angle with the horizo 
enon is visible only a sho 

where it is difficult to distinguish it from the glin 
light : while in March, its axis being nearly perpendicular to ii 
horiion. the light may be ob.served for some hours after sun94 
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and weU up in the sky. Fig. 363 gives the position of the 

ecliptic and of the zodiacal light with reference to the eastern 

horizon at the time of 

sunrise, and shows why 

the zodiacal light is 

seen to belter advan- 
tage in the morning 

during the summer and 

fall than during the 

winter and spring, h 

will be observed that 

here the angle made by 

the aids of the light 

with the horizon is small 

in March, while it is 

large in September; the 

conditions represented 

in the preceding figure 

being thus reversed. 

321. A'ttfure of llic Zodiacal Light. — Various attempts have 
been made lo explain 
the phenomena of the 
zodiacal light; but the 
most probable theory 
is, that it is due to 
iber of 
which are re- 
volving around the sun, 
and which lie mostly 
within the earth's orbit. 
Each o£ these meteors 
reflects a sensible por- 





■x of s 



ilight, but ii 



far too smai) lo be sep- 
arately visible. All oi 
these meteors together 
\s'ou!d, by Iheir com- 



bined reflection, produce a kind of pale, diffused light. 
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I. GENERAL ASPECT OF THE HEAVENS. 

322. The Magnitude of the Stars. ~'Y\ie. stars that are* 
visible to the naked eye are divided into six classes, accord- 
ing to their brightness. 'ITie brightest stars are called stare 
of the first magnitiii/e ; the next brightest, those of the 
second magnitude ; and so on to the sixth magnitude. The 
last magnitude includes tlie faintest stars that are visible to 
the naked eye on the most favorable night. Stars which 
are fainter than those of the sixth magnitude can be seen 
only with the telescope, and are called telescopic stars. 
Telescopic stars are also divided into magnitudes ; the divift~ a 
ion extending to tlie sixteenth magnitude, or the faiiri 
stars that can lie seen with the most powerful telescopes. 

The classification of stars according to magnitudes I' 
reference only to their brightness, and not at all to their 
actual size. A sixth magnitude star may actually be larger 
than a first magnilude star ; its want of brilliancy being dye _ 
to its greater distance, or to its inferior luminosity, ( 
both of these causes. 

None of the stars present any sensible disk, even i 
most powerful telescope : they all appear as mere points of 
light. The larger the telescope, tlie greater is its power 
of revealing faint stars ; not because it makes these s 
appear larger, but because of its greater light-gathet 
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power. This power increases with the size of the objectJ 
glass of the telescope, which plays the part of a gigantH 
pupil of the eye. 

The classification of the stars into magnitudes i 
made in accordance with any very accurate estimate ( 
their brightness. The stars which are classed togethe: 
the same magnitude are far from being equally bright. 

The stars of each lower magnitude are about two-fifths a 

bright as those of the magnitude above. The ratio of diminu!' 

tioti is about a third from the higher magnitude down to 

fifth. Were the ratio two-fifths exact, it would take about 

li stars of the jd magnitude la make one of the lat. 

6 stars nl the 3d magnitude to make one of the lat. 

16 stars of the 4th magnitude to make one of' the isl. 

40 stars of the 5th magnitude to make odc of the ist. 

[00 stars of the 6lh magnitude to make one gf the ist. 

JOO stars oE Ihe nth magnitude to miike one of the Ist. 

lOOOiOoo Stars of the i6tli magnitude to make otic of the ist. 

323, T/ic Number of the Stars. — Tlie total number 
of stars in the celestial sphere visible to the average naked 
eye is estimated, in round numbers, at five 
thousand ; but the number varies much with 
the perfection and the training of the eye 
and with the atmospheric conditions. For 
every star visible to the naked eye, there Lire 
thousands loo minute to be seen without 
telescopic aid. Fig. 364 shows a portion of the 
tion of the Twins as seen with the naked eye ; and Fig. 
shows the same region as seen in a powerful telescope. 

Struve has estimated that the total number of stara visibW 
with Herschel's twenty-foot telescope was about twenty 
million. The number that can be seen with the great tele- 
scopes of modem times has not been carefully estimated, 
but is probably somewhere between lltirt) 1 
million. 




usteila- 
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The number o£ slars between the north pole and the cln! 
thirty-iive degrees south of the equator is about as follows :- 

Of the isi maj;nitude about i4st 

Of the 2d magnitude about 48 si 

Of the 3d magnitude about 152 si 

Of the 41I1 magnitude about 313 st 

Of the 5th magnitude about 854 st 

Of the 6th magnitude about 2010 si 

Total visible to naliecl eye 3391 si 




The number of stars of the several magnitudes is approiS^ 
mately in inverse proportion to that of their brightnes 
ratio being a little greater in the higher magnitudes, and probit^ 
bly a little less in the lower ones. 
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324. The Division of the Stars into Ci'nsletlations.— 

A glance at the heavens is sufficient to show that the stan I 
are not distributed uniformly over tlic sky. The larger onej I 
especially are collected into more or less irregular groups, f 
Tlie larger groups are called constellations. At a very early I 
period a niyihological figure was allotted to each constella- f 
tion ; and these figures were drawn in such a way i 
include the principal stars of each constellation. The I 
heavens thus became covered, as it were, with immense | 
hieroglyphics. 

There is no historic record of the time when these figur 
were formtd, or of the principle in accordance with which they I 
were constructed. It is probable that the imaginatton of the 
earlier peoples mav, in many instances, have discovered some 
fanciful resemblance in the conliguration of the stars to the 
forms depicted. The names are still retained, although the I 
figures no longer serve any astronomical purpose. The c 
stellation Hercules, for instance, no longer represents the figure 1 
of a man among the stars, but a certain portion of the heaver 
within which the ancieiits placed that figure. In star maps J 
intended for school and popular use it is still customary lo I 
give the.se figures ; but they are not generally found on maps I 
designed for astronomers. 

325. The Naming of tite Stars. — The brighter stars have I 
all proper names, as Sirius, Procyon, Arctiinis, Capella^ 
Aldebaran, etc. This method of designating the s 
adopted by the Arabs. Most of tliese names have droppt 
entirely out of astronomical use, though many are popularlyS 
retained. The brighter stars are now generally designated^ 
by the letters of the Greek alphabet, — alpha, beta, gamma, 
etc., — to which is appended the genitive of the name of 
the constellation, the first letter of the alphabet being used 
for the brightest star, the second for the next brightest, and 
so on. Thus Alitebaran would be designated as Alpha J 
Tauri. In speaking of the stars of any one constellation,] 
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we simply designate tliem by the letters of the Greek alpha- 
bet, without the addition of the name of the constellation, 
which answers to a person's surname, while the Greek letter 
answers to liis Cliristian name. The names of the 
stars of the "Dipper" are given in Fig. 366. When the 
letters of the Greek alphabet are exhausted, those of tl 
Roman alphabet are employed. The fainter stars la 
constellation are usually designated by some system 
numbers. 

316. The Afilky-lVay. or Galaxy. — ■\\\z Milky-Way 



the 




a faint luminous band, of irregular outline, which s 

the heavens with a great circle, as shown in Fig. 

Through a considerable portion of its course it is divided 
into two branches, and there are various vacant spaces at 
different points in this band ; but at only one point in the 
southern hemisphere is it entirely interrupted. 

The telescope shows that the Galaxy arises 1 
light of countless stars too minute to be separately v! 
with the naked eye. The telescopic stars, instead of being 
uniformly distributed over the celestial sphere, are mostly 
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condensed in ihe region of the Galaxy. They are fewest 
in the regions most distant from ihis belt, and become 
tliicker as we approach it. The greater the telescopic 
power, the more marked is the condensation. With tin 
naked eye the condensation is hardly noticeable ; but witd 
the aid of a very small 1 
scope, we see a decided thicker 
ing of the stars in and n 
Galaxy, while the most power4 
ful telescopes show thai a latg 
majority of the stars lie actualtg 
in the Galaxy. If all the star 
visible with a twelve-inch tel^ 
scope were blotted out, 
should find that the greater 
of those remaining were in the 

The increase in the number 
of the sta.rs of ail magnitudes as 
we approach the plane of the 
Milky-Way is shown in Fig. 368. 
The curve nfi shows by i 
height 'the distribution of 1 
stars above the ninth magnitu 
and the curve A CB, th<MC i, 
all magnitudes. 

327! Slar-Clusters.- 
this gradual and regular cgj^" 
densation towards the Galu^, 
occasional aggregations of ^Eias 
Some of these are visible to iflie 
separate stars, like the "Seven 
Stars," or Pleiades, but more commonly as patches of dif- 
fused light, the stars being too small to be seen sepaialdy. 
The number visible in powerful telescopes is, however, mucli>^ 



into clusters may be seen, 
naked eye, 
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greater. Sometimes hundreds or even thousands of S 
are visible in the field of view at once, and someHtnes t 
number is so great that they cannot be counted. 

328. Nebula. — Another class of objects which are foui 
in the celestial spaces are irregalar masses of soft, 1 
light, known as nehila. Many objects which look 1 
nebulK in small telescopes arc shown by more powerful 
instruments to be really star- clusters. But many of these 
objects are not composed of stars at a!i, being immense 
masses of gaseous matter. 

The general distribution of hebulE is the reversi 
of the stars. Nebula; are thickest where stars are thinni 
While stars are most numerous in the region of the I 
Way, nebulEE are most abundant about the poles of I 
Milky-Way, This condensation of nebulse about the pc^ 
of the Milky-Way is shown in Figs. 367 and 369, in « 
the points represent, not stars, but nebulaj. 
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The CONSfELLATlONS. 



. 339. The Crca/ .Bear. — The 6r 
is one "of the cireumpolar cojistelja 
of the most familiar asteristns, 01 
sky; namely, the Great Dipper, 1 
positions 



Lt Bear, or Wrsa Mt 

ons (4), and contains 
groups of stars, in 
■ Charles's JVain. 
prominent stars 



The 



shown in Fig. 370- The two stars Alpha and Beta are called 
the Pointers. This asierism is sdmerimes called the Butcher's 
Cleaver. The whole constellation is shown in Fig. 371. A 
rather faint star marks the nose of the bear, and three equi- 
distant pairs of faint stars mark his feet. 

330. The Little Bear, Draco, and Cassiopeia, — These are 
nil cireumpolar constdlations. The most important star of the 
Little Bear, or Ursa Miner, is'j'olaris, or the Pole Star. This 
star may be found by drawing a line from Beta to Alpha of the 
Dipper, and prolonging it as shown in Fig. 373. This cxplaJJ 
why these stars are called the Pointers. The Pole Star, t( " 




called llie Little Dipper. Tlitsc six stsr.'; are joined ■ 
Polaris by a dolled line in Fig. 372. 



L 




The stars in .a serpentine line between the two Dippers 
the chief stars of Draco, or the Dragon ; the trape/ium mai 
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[leia. The five principal stars of ihis constellation form a 
irregular W, opening towards the pole. Between Cassiopeid 
and Draco are tive rather faint stars, which form a 
A' These are the principal stars of the constellation Cephtu 
These two constellations are shown in Fig, 374. 

331. The Lien, Berenice's Hair, and the Hunting-Dogs.-^ 
A line drawn from Alpha to Beta of llie Dipper, and prolon| ' 
as shown in Fig. 375, will pass between the tivo stars Deuebo 
and Regulus of Leo, or the Lion. Regulus forms a sickle w 




several ulher faiin s(ai>, and marks llic hu.iil of llie 
Denebola is at the apeK of a right-angled triangle, which iM 
forms with two other stars, and marks the end of the Hoi^^ 
tail. This constellation is visible in the evening from Febro 
to Jul}-, and is figured in Fig. 376. 

In a straight line between Denebola and Eta, at the tg^ 
the Great Bear's tail, are, at about equal distances, the ^ 
small constellations of Coma Berenices, or Btrett:ce''s H^ 
and Canes Venatici, or the Hnntiug-Dogs. These are s 
In Fig. 377. The dogs are represented as jiiir^uing the 
urged on hy the huntsman BoSles. 
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a line from ZeU to Eta of the Dipper, and then proloi 
it with a slight bend, as shown in Fig. 378. Arctunis ; 
Polaris form a large isosceles triangle with a first-magnin 
star called Vega. This triangle encloses at one corner 
principal stars of Bootes, and the head of the Dragon t 
the opposite side. The side running from Arctunis to V 
passes through CaroHii Dort-iilis, or tlie A'ortherti Crown, 



Fig. 3j8. 
the body o£ Hercules, which is marked by a quadrilateral of 

SoStes, who is often represented as a husbandman. Corona 
Borcalis, and Hercules, are delineated in Fig. 379. These 
constellations are visible in the evening from May to September. 

333. The Lyre, ike Swan, the Eagle, and the Dolphin. — 
Allair, the principal star of Aguila. or the Eagle, lies on the 
opposite side of the Milky-Way from Vega. Altair is a first- 
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and a little farther to the 
the form of an immense en 
of this cross is called Deneb. 
i the chief star 



[ Lyra, or tlie Lyre. Betwci 



I thes 



two stafs, 



vera! stars arranged in 
iS, The bright star at the head 
The cross lies in the Milky-Way, 
of the constellation Cygmis, < 



the Swan. A little to the north of Altair are four stars 
form of a diamond. This asterism is popularly known as yot' 



the 




e drawn from Alpha to Gamma of the 
fith a slight bend at Gamma, will reach 
r called S^ica (Fig. 382), This is the 
chief star of the constellation Vir^o, or the Virgin, and ( 
a large isosceles triangle with Areturus and Denebala. 



334- yirgB. 
Dipper, and prolonged 
:> a first-magnitude 
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Virgo is represtnled in Fig, 383. To the right nf ihis con- 




Fig. jBi, 
form a Irapeiiuni, and mark the consleilaiion Coivus, 1 
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Crinv. This bird is represented as standing on the body of 
Hydra, or the iVaier-Sitake. yirgo is visible in the eveatng, 
from April to August. 

335. The Twins. — A line drawn from Delta to Beta of the 
Dipper, and prolonged as shown in Fig. 384, passes between 
two bright stars called Castor and Pollux. The latter of these 
is usually reckoned as a first-rnagniltide star. These are the 




principal stars of the conslellalion Gemini^ or the Twins. 
which is shown in Fig. 385. The constellation Canis Minor. 
or the Liltle Dog. i.s shown in the lower part of the figure. 
There are two conspicuous stars in this constellation, \ 
brightest of which is of the first magnitude, and called Prm 

The region to which we have now been brought i 
richest of the northern sky, containing no less than sew 
magnitude stars. These are Strius. Procyon, Pollux, ( 
AUibanm. Betelgeust, and Rigel. They are shown in F 
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about equally dislanl lo ihe north and snuth from tlie thrtt 
stars forming the Mt of Orion. Belelgeuse is a red star. 
Siriut is the brightest star in the heavens, and belongs to the 
constellation Cani'i Major, or the Great Do^. It lies lo the 
east of the belt of Orion. Aldebaran lies at about the sa.me 
distance to the west of Ihe belt, li is a fed star, and belongs 




lion Taurus, or the Bull. Capella ii 
constellation Auriga, or the Wagoner. These s 
in the evening, from about December lo April. 

336. Orion and his Dogs, and Taurus. — Orion and his 
Dogs are shown in Fig. 387, and Orion and Taurus in Fig. 388. 
Aldebaran marks one of the eyes of the bull, and is often called 
the B«W» Eyi. The irregular V in the face of the bull is 
called the Hj/ades, and the cluster on the slioulder tlie Pleiadts. 
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337. The Wagoner. — The constellation Auriga, or the 
Wagoner (sometimes called the Charioteer), is shown in Fig. 
389. Capella marks the Goat, which he is represented as 
carrying on his back, and Ihe little right-angled triangle of 
stars near it the Kids. The five chief stars of this constella- 
tion form a large, irregular pentagon. Gamma of Auriga is 




also Beta of Taiirin. and marks one of the horns of the Bull. 
338. Pegasus, Andromeda, and Perseus.-^ A line drawQ 
from Polaris near to Beta of Cassiopeia will lead lo a bright J 
second-magnitude star at one corner o£ a targe square (Fig. 390). .1 
Alpha belongs both to the Square of Pegasus and to AHdrotif\ 
eda. Beta and Gamma, which are connected with Alpha ii 
the figure by a dolled line, also belong to Andfomeda. Algol,M 
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Ptgasus is shown in Fig. 391, and Andromeda in Fig. 392. 
Cetus, the iVkale, or the Sea MonsUr. shown in Fig, 393, 
belongs to the same mythological group of constellations. 



thi 
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5'JO- Scorpio, Sagiflariux, and Ophiuchus. — During the 
iimer monihs a brilliant coDstellatioD is visible, called Scor- 
1, or the SnerpioH. The configuration of the chief stars of 
s constellation is shown in Fig. 394. They bear some 
emblance to a boy's kite. The brightest star is of the first 



magnitude, anil called An/ares (from 1 
the Greek name of Mars), because ii 
The stars in flie tail of the Scorpion 
only under very favorable 



nstead of, and Ares, 
rivals Mars in redness, 
re visible in our ladlude 
constellation 




is shown in Fly. 395, together with Sagittarius and Op/iiuchus. 
Sagie/artrts, or tlie Archer, is to the east of Scorpio. It con- 
tains no bright stars, but is easily recognized from the fact 
that five of its principal stars form the outline of an inverted 
dipper, which, from the fact of its being partly in the Milky- 
Way, is often called the Milk Dipper. 

Ophiuchus. or the Serpent-Bearer, is a large constellatioiIr| 
filling all the space between Ihe head of Hercules and Sear-M 
pio. It is difKcult to trace, since it contains no very brillias 
stars. This constellation and Uh-n, or the Balances, which b 
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L'omus and Aquarius. Capricorniis contains three pttirs of 
smaD stars, which mark the head, the tail, and the knees of the 
aoiinal. 

Aquarius is marked by no conspicuous stars. An irregular 

line of minute stars marks the course of the stream of water 
which flows from the Water- Bearer's I'rn into Ihe mouth of the 
Sonlhtrn Fish. This mouth is marked by the first-mag nilude 
star Fomalhaul. These constellations are shown in Fig. 397. 

341. Pisces and Aries. — The remaining zodiacal constella- 
tions are Pisces, or the Fishes. Aries, or the Ram (Fig. 398), 
and Cancer, or the Crab. 




The Fishes He under Pegasus and Andromeda, but c 
no bright stars. Aries (between Pisces and Taurus) is marked 
by a pair of stars on the head, — one of the second, and one 
of the third magnitude. Cancer (between Leo and Gemini) h 
no bright stars, but contains a remarkable cluster of si 
called Prasepe. or Ihe Beehiiie. 

Clusiehs. 
34a. The Hyades. — The Hyadss are a very open clui 
the face of Taurus (334). The three brightest stars t 
cluster form a letter V. the point of the /'being o 
aiid the open ends .it the eyes. Thi^ clvistcr is shown ii 
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means rainy ^ 

they are said to have 

been so called be- 

associaled with wet 
weather. They were 
usually considered 
the daughters of 
Atlas, and sisters of 
the Pleiades, though 
referred 



to 1 



the r 



Bacchus. 

343- The Pltutdfs. 
— The Pleiades con- 
stitute a celebrated 
group of stars, nr a 





isiellation, on the shoulder 
of Taurus. Hesiod 



ther 



■Mhe 



virgins 
of Atlas born," and 
Milton calls them 
■■ihe seven Atlantic, 
sisters." The; 

lioolt of Job. 
Spaniards term them 
'■the little nanny- 
goats ; " and they are 
sometimes called "the 
ben and chickens." 

Usuallj' only six 
stars in this cluster, 
can be seen with 
naked eye, and 
fact has given 
to the legend of 
clear, moonless night, however, a g 
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3 powerful telescope. With such 
hundred stars are visible. 

344, ClusUr in the Siircrd-haniik of Perseus. — Tliis 
somewhat dense double clus- 
ter. It is visible to the na.ked 
eye, appearing as a hazy star. 
A line drawn from Algenib, or 
Alplia of Perseus (338), to Delia 
of Cassiopeia (330J, will pass 
tlirough tliis cluster at about 
two-thirds I lie distance from 
the former. This double clus- 
ter is one of the most brilliant 
objects in the heavens, with a 
telescope of moderate power. 

345, Cluster 0/ Hercules.— 
The celebrated globular cluster of Heraiks tan be seen onlji 
with a telescope of considerable power, and to resoKe it into 




I 





346- Other Clusters. — Fig. 403 shoivs a magnificent globul 




magnitude being immensely n 
densation of light at the centre- 



dust 



the 



ste nation Aqua 
Herscbet describes M 
as appearing like j 
heap of sand, beiBj 
composed c 
sands of stai 
fifteenth magnitude.4 
Fig. 404 shows 3 
cluster in the con- 
stellation Toucan, 
which Sir John Hw- 
sehel describes a 
most glorious globi 
lar cluster, the 
of the fourteentj 
There is a marked o 
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Fig. 405 shows a dus 
10 the sal 
raer, is beyond 
parison (he richest and 
largest object 1 
kind in the heavens, 
the stars in i( being 
literally innumerable. 
Fig. 406 shows a clus- 
ler in Scorpio, remarka- 
ble for the peculiar I 
arrangement of its com- 
ponent: stars. 

Star clusters are 
especially abundant in 
the region of the Milky- 
Way, (he law of their 
distribution being the 



the Cnilaur, which, according 




e of that of the nebulx. 



DOUBLK AND MULTIPLE Sl'AttS. 
347. Double Stars. — The telescope shows that man^'l 
5tars which appear single to the naked eye are really douhk, : 
or composed cff a pair of stars lying side by side. There ] 
are several pairs of stars in the heavens which lie ; 




together that they almost 
the naked eye. 

Pairs of stars are not considered double unless the corn- ; 
ponenls are so iiear together that they both appear in t 
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field of view when examined with a telescope. In the 
majority of the pairs classed as double stars the distance 
l(etween the components ranges from half a second to 
fifteen seconds. 

Epsilon Lyr<p is a good 
example of a pair of 
stars that can liarely be 
separated with a good 
eye. Figs. 407 and 40S 
show this pair as it ap- I 
pears in telescopes mag- 
nifying respectively four 
and fifteen limes; and 
Fig. 409 shows it as seen 
in a more powerful tele- 
scope, in which each of 
the two components of the pair 
star. 

348. Multiple Stars. — When a star is resolved 
more than two comironents by a telescope, it i 
multiple star. Fig. 410 shows a triple stSr in 





Fig. 411 shows a quadruple star in Taurus. Fi( 
shows a sextuple star, and Fig. 413 a septuple star. 
474 shows the celebrated multiple star in Orion, 
Theta Orimm, or the trapeaium of Orion, 



1 
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349. OpiUally Dmhh and Multiple S/ars. — Two < 
more stars which are really very distant from each other, J 
and which have no physical connection whatever, may ' 
appear to be near together, because they happen to lie in 
the same direction, one behind the other. Such accidental 
combinations are called optically double or multiple stars. 




350. Physically Double and Multiple Stars. — \a th? 
majority of cases the compdnems of double and multiple 
stars are in reality comparatively near togethei 
bound together by gravity into a physical system. Such 
combinations are called physi- 
cally double and multiple stars. 
The components of these sys- 
tems all revolve around their 
common centre of gravity. In 
many instances their- orbits and 
periods of revolution have been 
ascertained by observation and F'b. 414- 
calculation. Fig. 415 shows the orbit of one of the com- 
ponents of a double star in the constellation Hercules. 

351. Colors of Double and Multiple Stars. — The com- 
ponents of double and multiple stars are often highly col- 
ored, and frequently the components of the same system 
are of different colors. Sometimes one star of a binary 
system is while, and the othtr red ; and sometimes a whitf 



t 
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Star is combined with a blve one. Other colors found In 
combination in these systems are red and blue, orange and 
green, blue and ^/ri-H, \ellow and blue, yellow and red, etc. 
If these double ;ind multiple stars are accompanied by 




planets, these planets will sometimes have two or more suns 
in the sky at once. On alternate days they may have suns 
of different colors, and perhaps on the same day two 
suns of different colors. The effect of these changing 
colored lights on the landscape must be very remarkable. 

New and Variable Stars, 

352. Variable Stars. — There are many stars which 
undergo changes of brilliancy, sometimes slight, but occa- 
sionally very marked. These changes are in some cases 
apparently irregular, and in others periodic. All such stars 
are said to be variable, though the term is applied espe- 
cially to those stars whose variability is periodic. 

353. Algiil. — Algol, a star of Perseus, whose position JM 



shown in Fig. 416, is a remarkah 
period. Usually it shines as a fai 
but at intervals of a little less th 
the fourth magnitude for a few h 
former brightness. These change 
two centuries ago, but it was no 
accurately observed. The periotl 
days, twenty hours, forty-nine min 
hours and a half (o fade away, 
recover its brUliancy. Near the 
variations, the change is very 
slow, so that there are not more 
than five or six hours during 
which an ordinary observer 
would see that the star was 
less bright than usual. 

This variation of light was at 
first explained by supposing that 
a large dark planet was revolv- 
ing round Algol, and passed 
over its face at every revolution, 
thus cutting off a portion of its 
light ; but there are small irregu- 
larities in the variation, which 
this theory does not account for. 

354. J/j>ff.— Another remarkab 
/ Ceti, or Mira (that is, the -wrntdet 
invisible to the naked eye ; but a 
months it shines forth as a star 
magnitude. It is about forty days 
visible until it attains its greates 
about two months in fading to 
increase of^rilliancy is more ra 
period is quite irregular, ranging fr 
so that the times of its appear* 


le variable star of a short 
t second- magnitude star 
an three days it fades to 
ours, and then regains its 
s were first noticed some 
t till 1782 that they were 
is now known to be two 
utes. It takes about foitf 
and four hours more to 
eginning and end of the 

Fig. 4:fi. 

e variable star is Omicron 

////star). It is generally 

intervals of about eleven 

of the second or ihirc 

from the time it becomes 
brightness, and is then 

invisibility J so that ittf 
lid than its waning. Ito 
om ten to twelve months j 

nee cannot be predicted 


1 

i 
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with certainty. Its maximum brightness is also varian 
being sometimes of the second magnitude, and at c 
only of the third or fourth. 

355. Eta Argus. — Perhaps llie most extraordinary varia- 
ble star in the lieavens is Eta Argus, in the constellation 
Argo, or the Ship, in the southern hemisphere (Fig. 417). 
The first careful observations of its variabihty were r 
by Sir John Herschet while at the Cape of Good 1 
He says, "It was on the i6th of December, 1837, 
resuming the photo metrical comparisons, my astonishment 
was excited by the appearance of a new candidate for dis- 
tinction .among the very brightest stars of llie first magni- 
tude in n ])art of the heavens 
ivliere, being perfectly familiar 
with it. t was ceriain that no 
such brilliant object had before 
been seen. After a momentary 
liesitaiion, the natural conse- 
r|uence of a phenomenon so 
utterly unexpected, and refer- 
ring to a map for its configura- 
n with other conspicucn 
rs in the neighborhood, J 
i identity with my old acquainta 
Eta Argus. Its light was, however, nearly tripled, 
yet low, it equalled Rigel, and, when it attained soi 
alritude, was decidedly greater." It continued to increaJ 
until Jan. 2, 1838, then faded a little till April followitt 
though it was still as bright as Aldebaran. In 1843 i 
1843 it blazed up brighter than ever, and in March of ^ 
latter year was second only to Sirius. During the t 
five years following it slowly but steadily diminished. 
1867 it was barely visible to the naked eye ; and the i 
year it vanished entirely from the unassisted view, and 1 
not yet l)egun to recover its brightness. The curve i 




: satisfied of i( 
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Fig. 418 shows the change in brightness of this remarkable 
star. The numbers at the bottom show the years of the 
century, and those at the side the brightness of the star. 

356. New Stars. — In several cases stars have suddenly 
appeared, and even become very brilliant ; then, after a 
longer or shorter time, they have faded away and disap- 
peared. Such stars are called new or Umporary stars. 
For a time it was supposed that such stars were actually 
new. They are now, however, classified by astronomers 
among the variable stars, their changes being of a very 
irregular and fitful character. There is scarcely a doubt 
ihat they were all in the heavens a(5 very small stSrs before 



ihey blazed forth in so extraordinary a manner, and that 
they are in the same places still. There is a wide difference 
between these irregular variations, or the breaking- forth of 
light on a single occasion in the course of centuries, and 
the regular and periodic changes in the case of a star like 
Algol; but a long series of careful observation has resulted 
in the discovery of stars of nearly every degree of irregu- 
larity between these two extremes. Some of them change 
gradually from one magnitude to another, in the course of 
years, without seeming to follow any law whatever ; while ' 
in others some slight tendency to regularity can be traced. 1 
Mtz Argus may be regarded as a connecting link between 
new and variable stars. 

357. lycho Brahe's Slar. — An apparently new star 
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sud(icn!y appeared in Cassiopeia in 1571. It was drst sem^^^| 
)y Tycho Brahe, and is therefore associated with his namej;^^^| 
Its position in the constellation is shown in Fig. 419. It^^H 
vas first seen on Nov. 11. when it had already attained the 
irst magnitude. It became rapidly brighter, soon rivalling 
Venus in splendor, so that good eyes could discern it in 
full daylight. In December it began to wane, and gradu- 
ally faded until the following May, when it disappeared 
entirely. 

A star showed itself in the same part of the heavens in 
945 an<l in 1264. If these were three appearances of the 
same star, it must 
■■^^^^^^HHH be reckoned as a 
^^^^^^^^^^^^^^^^^^^^H periodic star 
^^^^^^^^^^^^^^H a a 
^^^^^^^^^^^^^^^^^1 more than three 
^^^^^H^^^^^^^^^^^^^^H hundred 

^^^^^^H^^^^^^^^^^^^^l Slar. — In 1604 a 
^^^^^H^^^^^^^^^^^^^^l new star was seen 
^^^^^^^^^^^^^I^^^^^^H in ilie 
^^^^^^B^^^^H Ophiuchus, It was 

^^HH^BB^^^^^^^^^^^B first 

^"^' *'*■ October of that 
year, when it was of the first magnitude. In the following 
winter it began to fade, but remained visible during the 
whole year 1605. Early in 1606 it disappeared entirely. 
A very full history of this star was written by Kepler. 

One of the most remarkable things about this star was 

ts brilliant scintillation. According to Kepler, it displayed 
all the colors of the rainbow, or of a diamond cut with 

nultiple facets, and exposed to the rays of the sun. It is 
thought that this star also appeared in 393, 798, and 1203 ; 

f so, it is a variable star with a period of a little over four 

tun d red years. 
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359. New Star of 1866, — The most striking case of 
this kind in recent times was in May, 1866, when a star 
of the second magnitude suddenly appeared in Corona 
Borealis, On the nth and 12th of that month it was 
observed independently by at least five observers in Europe 
and America. The fact that none of these new stars were 
noticed until they had nearly or quite attained their greatest 
brilliancy renders it probable that they all blazed up very 
suddenly. 

360. Cause of the Variability of Stars. — The changes in 
the brightness of variable and temporary stars are probably 
due to operations similar to those which produce the spots and 
prominences in our sun. We have seen (188) that the fre- 
quency of solar spots shows a period of eleven years, during 
one portion of which there are few or no spots to be seen, while 
during another portion they are numerous. If an observer so 
far away as to see our sun like a star could from time to time 
measure its light exactly, he would find it to be a variable star 
with a period of eleven, years, the light being least when we 
see most sjxjts, and greatest when few are visible. The varia- 
tion would be slight, but it would nevertheless exist. Now, 
we have reason to believe that the physical constitution of the 
sun and the stars is of the same general nature. It is there- 
fore probable, that, if we could get a nearer view of the stars, 
we should see spots on their disks as we do on the sun. It 
is also likely that the varying physical constitution of the stars 
might give rise to gr€at differences in the number and size of 
the spots ; so that the light of some of these suns might vary 
to a far greater degree than that of our own sun does. If the 
variations had a regular period, as in the case of our sun, the 
appearances to a distant observer would be precisely what we 
see in the case of a periodic variable star. 

The spectrum of the new star of 1866 was found to be a 
continuous one, crossed by bright lines, which were apparently 
due to glowing hydrogen. The continuous spectrum was also 
crossed by dark lines, indicating that the light had passed 
through an atmosphere of comparatively cool gas. Mr. Huggins 
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infers from this that there was 3 sudden and extraordinary out- 
burst of hydrogen gas from the star, which by its own light, 
as weli as by heating up the whole surface of the star, caused 
the ejctraordinary increase of brilliancy- Now, the spectro- 
scope shows thai the red flames of the solar chromosphere 
{197) are largely composed of hydrogen; and it is not unlikely 
that the blazing'forth of this star arose from an action similar 
to that which produces these flames, only 
larger scale. 

Distance of i-he Stars. 

361, Parallax of the Stars. — Such is the distance 

the stars, that only in a comparatively few instances has 
displacement of these bodies been detected when viewed 
from opposite parts of the earth's orbit, that is, from points 
a hundred and eighty-five million miles apart ; and in no 
case can this displacement be detected except by the most 
careful and delicate measurement. Half of the abov 
placement, or the displacement of the star as seen from 
the earth instead of the sun, is called the parallax of 
star. In no case has a parallax of one second as yet 
detected. 

362. The Distance of the 5/a«. — The distance of a 
whose parallax is one second would be 206,165 times the 
distance of the earth from the sun, or about nineteen million 
million miles. It is quite certain that no star is nearer than 
this to the earth. Light has a velocity which would cany 
it seven times and a half around the earth in a second; but 
it would take it more than three years to reach u 
that distance. Were all the stars blotted out of cj 
to-night, it would be at least three years before we 
miss a single one. 

Alpha Cen/auri, the brightest star in the constd 
of the Centaur, is, so far as we know, the nearest 1 
fixed stars. It is estimated that it would take its light 
three years and a half to reach us. It has also been 
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mated ihat it would take light over sixteen years to reach 
us bom Sirius, about eighteen years to reach lis from fega, 
about twenty-five years from Arctunts, and over forty years 
from the Pok-Star. In many insUnces it is believed that 
it would lake the light of stars hundreds of years to make 
the journey to our earth, and in some instances even thou- 
sands of years. 

Proper Mnr 
363. Why 'the Stars appt 
retain their relative positions 




year, and from age to age ; and hence they have com 
universally to be denominated as fixed. It is, however, nov? 
well known that the stars, instead of being really stationary, 
are moving at the rate of many miles a second ; but their 
distance is so enormous, that, in ihe majority of cases, it 
would be thousands of years before this rate of motion J 
would produce a sufficient displacement to be noticeablo^ 
lo the unaided eye. 



^66 ASTRONOMY. 

364. Sfiuliir Displacemevt of the Stars. — Though I 
proper motion of the stars is apparently slight, it will, j 
ihc course of many ages, produce a marked cliange in t 
configuration of the stars. Tlius. in Fig. 420, the lefl-hai 
portion shows tite present configuration of the stars 1 
the Great Dipper. The small arrows attached to the stad 
show the direction and comparative magnitudes of their 
motion. The riglit-haml portion of the figure shows these 



titars as they will appear diirty-si\ thousand years from \ 
present time. 

Fig. 4ZI shows in a similar \vay the |iresent conf!gi: 
lion and proper motion of the stare of Cassiopeia 
ulso these stars as they will appear thirty-six thousand y 
hence. 

Fig. 422 shows the sanie for the constellation Orion. 

365. The Secular .\f('tiiin of the 5;///.^ The stars in 
parts of the heavens are found to move in all directk 
and with all sorts of velocities. When, howei'er, the motk 




neighborhood of Hi-rnile 

and Ihose in ihe 

opposite part of 

the lieavens aij- 

pear lo be re- 

f.eding from ua. 

Ill other words, 

all the stars 

appear to be 

moving away 

from Hercules, 

and towards the 

opposite part of 

the heavens. 

Til is apparent 
astronomers to 



.ipiioac to be approaching i 
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through space. The point in the heavens towards nrhlB 
our sun is moving at the present lime is indicated by tl 
small circle in the constellation Herc\iles in Fig. 433. 
the sun moves, he carries ihe earth aiid all the planets a 
with him. Fig. 424 shows the JirectJon of the sim's motl^ 
vith reference tt 
tic and to the axis of t)^ 
j earth. Fig. 425 shows t 
earth's path in space; a: 
1 Fig. 426 shows the paths 1 
I the earth, the moon, M^ 
■y, Venus, and Mara j 

Whether the sim is a 
ally moving i 

line, or around some distant centre, it is impossible to dete 
mine at the present time. It is estimated that the s 
moving along his path at the rate of about a hundred a 
fifty million miles a year. This is about live-sixths of the 
diameter of the earth's 

366. Star - Drift, ^l^ 
several instances, grouiis 
of stars have 
proper motion entirely d 
ferent from that of the | 
stars around and ; 
them. Such groups proba- 
bly form connected sys- 
tems, in the motion of 

which all the stars are carried along together without a 
great change in their relative positions. The most 1 
markable case of this kind occurs in the constellatioi 
Taurus. A large majority of the brighter stars 1 
region between Aldelmran and the Pleiades liase a coiumQd 
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proper motion of about ten seconds per century towards 
the east. Proctor has shown that five out of the seven 
stars which form the Great nipper hnve 




Fig, 4ifl. 
motion, as shown in Fig. 427 (see also Fig. 410). f 
ptoses for this phenomenon the name of Star-Drift. 




367. Motion of Stars along thi Line 0/ Sight. — A motion | 
if a star in the direction of the line of sight would produc 
10 displacement of the star that could be detected with the] 



I/O ASTKONOMV. 

telescope; but it would cause a change in the brightness of 
the star, which would bei;ome gradually fainter if moving from 
us, and brighter if approaching us. Motion along the line 
of sight has. however, been detected by the use of the idc- 
>:pectroscope (lyz), owing to the fact that it causes a displace I 
ment of the spectral lines. As has already been expUiti< 
(169), a displacemeni of a spectral line towards the red t 
of the spectrum indicates a motion away from us, and a i 
placeinent towards the violet end, a motion towards 

By means of these displacements of the spectral litM 
Huggins has detected motion in ihe case of a large RumM 
of stars, and calculated its rate : — 



STARS KECEDINK FRUM US. 

SIrius 20 miles per second. 

Betelgeuse 32 miles per second. 

Rigel 15 miles per second. 

Castor 35 miles per second. 

Regulus 15 miles per second. 

STARS APPROACHING US. 

Arcturus 55 miles per second, 

Vega 50 miles per second. 

Deneb 39 miles per second. 

Pollux 49 miles per second. 

Alpha Ursse .Vlajoris ... 46 miles per second. 

These results are confirmed by the fact that the amoi 
of motion indicated is about what we should expect t 
stars to liave, from their observed proper 1 
with tiieir probable distances. Again : 
neighborhood of Hercules are mostly found lo be approa^ 
ing the earth, and those which lie in the opposite direct 
tij \k receding from it ; ivhich is exactly the effect whita 
would result from tiie sun's motion through space. 
live stars in the Dipper, which have a common ] 
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motion, are also found to have a common motion in the 
line of sight. But the displacement of the spectral lines 
is so slight, and its measurement so difficult, that the veloci- 
ties in the above table are to be accepted as only an 
approximation to the true values. 

Chemical and Physical Constitution of the Stars. 

368. The Constitution of the Stars Similar to that of 
the Sun, — The stellar spectra bear a general resemblance 
to that of the sun, with characteristic differences. These 
spectra all show Fraunhofer's lines, which indicate that 
their luminous surfaces are surrounded by atmospheres con- 
taining absorbent vapors, as in the case of the sun. The 
positions of these lines indicate that the stellar atmospheres 
contain elements which are also found in the sun*s, and 
on the earth. 

369. Four Types of Stellar Spectra. — The spectra of 
the stars have been carefully observed by Secchi and Hug- 
gins. They have found that stellar spectra may be reduced 
to four types, which are shown in Fig. 428. In the spec- 
trum of SiriuSy a representative of Type /., very few lines 
are represented ; but the lines are very thick. 

Next we have the solar spectrum, which is a repre- 
sentative of Type II,, one in which more lines are rep- 
resented. In Type III, fluted spaces begin to appear, 
and in Type IV., which is that of the red stars, nothing 
but fluted spaces is visible ; and this spectrum shows that 
something is at work in the atmosphere of those red 
stars different from what there is in the simpler atmosphere 
of Type I, 

Lockyer holds that these differences of spectra are due 
simply to differences of temperature. According to him, 
the red stars, which give the fluted spectra, arc of the 
lowest temperature; and the temperature of the stars of 
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the different types gradually rises till we rearh the 
type, in which the temperature is so high that the i 
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■; rJl. NEBULAE. 

CLASSinCATlON OF NEBUL*. 

370. PlatHtary Nebula. — Majiy nebulse (328) present a I 
well-defined circular disk, like that of a planet, and are there- f 
fore called planetary nebulte. Specimens of planetary neb' I 
iilje are shown in Fig. 429. 

371. Circular and Elliptical Nebula. — While rnanyl 
nebulse are circular in fomi, others are elliptical. The for- I 
mcr are called circular nebulie, and the latter elliptical I 
nebulffi. Elliptical nebulfe have been discovered of every 1 
degree of eccentricity. Examples of various circular and | 
elliplicsl nebuliE are given in Fig. 430. 



372. Annular jVirrf«/ie, — Occasionally ring-shaped nebu- 
lse have been observed, sometimes with, and sometimes 
without, nebulous matter within the ring. They arc called ■ 
annular nebulre. They are both circular and elliptical in I 
form. Several specimens of this class of nebulse are given J 
in Fig. 431. 

373. Ncbulims Stars. — Sometimes one or more minutel 
stars are enveloped in a nebulous haze, and are hence I 
called nebulous stars. Several of these nebulse are showi(l 
in Fig. 432. 

374. Spiral Nebula. — Very many nebuke disclose 
more or less spiral structure, and are known as spiral 
nebula. They are illustrated in Fig. 433. There are, how- 




ever, a great variety of spiral forms. We shall have occa- 
sion to speak of these nebulfe again (jSi-sSj). 

,175. DoiMe ai\il Miiltiph .AWW^, — Manv lii'vhif and 
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above, there are many yf very irregular sha(ies, and some 
of these are liie most remarkable nebulEe in the heavens. 
Fig. 437 shows a curiously shaped nebula, seen by Sir 
I John Herschel in the southern 
heavens ; and Fig. 438, one in 
Taurus, known as the Cra6 
I nebula. 

377. The Great Nebula of 

Andromeda, — This is one of 

■ the few nebulae that arc visible 

the naked eye. We see at 

1 glance that it is not a star, 
but a mass of diffused light. Indeed, it has sometimes 
been very naturally mistaken for a comet. It was first 
described by Marius in 1614, who compared its light to 
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that of a candle shining through horn. This gives a very 

good idea of the impression it produces, which is that of 

a translucent object illuminated by a brilliant light behind 

it. With a small 

telescope it is easy 

to imagine it to be 

a solid like horn ; 

but with a large one 

the effect is more | 

like fog or mist w 

a bright body in 

midst. Unlike most | 

of the nebulfe, 

spectnira is a ex 

tinuous one, similar 

to that from a heated solid, indicating that the light 

emanates, not from a glowing gas, but from matter in the 

solid or liquid slate. Tiiis would suggest that it is really 





; star-cluster, so distant that the highest tele- 
scopic power cannot resolve it ; yet in the largest telescopes 
it looks less resolvable, and more like a gas, than in 
those of moderate size. If ii is really a gas. and if the 
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spectrum is continuous througliom the whole extent of 
the nebula, either it must shine by reflected h'ght, or the 
gas must be subjected to a great pressure almost to its 
outer limit, which is hardly possible. If the lighl is 
fleeted, we cannot determine whether it conies from a 





bright star, or :i number of small ones scattered thiq 
the nebula. 

With a small telescope this nebula ai)pears elHpttca 
in Fig. 439. Fig. 440 shoivs it as it appeared to ] 
the Cambridge refractor. 

378. Thf Great Nebula of Orion. ^'The nebulan 
above all others, lias occupied the 
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mers, and excited the wonder of observers, is the great 
ntbula of Orion, which surrounds the middle star of the 
three which form the sword of Orion. A good eye will per- 
ceive that this star, instead of looking like a bright point, 
has a hazy appearance, due to the surrounding nebula. 
This object was first described by Huyghens in 1659, as 
follows : — 

" There is one phenomenon among the fixed stars worthy 
of mention, which, so far as I know, has hitherto been 







noticed by no one, and indeed cannot be well obsen-ed 
except with large telescofjes. In the sword of Orion are 
three stars quite close together. In 1656, as I chanced 
to be viewing the middle one of these with the telescope, 
instead of a single star, twelve showed themselves (a not 
uncommon circumstance). Three of these almost touched 
each other, and with four others shone through a nebula. 
so that the space around them seemed far brighter than the 
rest of the heavens, which was entirely clear, and appeared 
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quite black ; the effect being that of an opening in t 
through which r brighter region was visible." 




1 magnifying [)ower o( forty 



The represents 
of this nebula in Fig. 
441 is from a drawing 
made by Bond, In 
lirilliancy and variety 
of detail it exceeds 
any other nebula visi- 
ble in the northern 
hemisphere. In its 
centre are four stars, 
easily distinguished b>' 
a small telescope witti 
fifty, together with two 




smaller ones, requiring a nine-incii telescope 10 be 
Besides these, the whole nebula is dotted wilh stars. 






In the winter of 
was examined inde 
found that it cons 
concltided that the 
of glowing gas. Tl 
that of a line of n 
cide with a hydrog 
nebula is a mixture 
tliis we cannot be c 

379. The Nebula 
442) surrounding 
the variable star 
Eta Argus (355), 
which is remarka- 
ble as exhibiting 
variations of bright- 
ness and of out- 
line. 

In many other 
nebulK, changes 
have been suspect- 
ed ; but the indis- 
tinctness of oiithne 
w hich c haracteri zes 
most of these ob- 
jects, and the very r 
of different powers 
beyond a doubt. 

380. Tlte Dumb- 
from its peculiar sh 
change in the appe 
different magnifying 
peared in Herschel 
in the great Parsons 
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1864-65 the spectrum of this nebula 
aendently by Secchi and Huggins, who 

sted of three bright lines, and hence 

nebula was compiosed, not of stars, but 
e position of one of the lines was near 
trogen, while another seemed to coin- 
en line. This would suggest that the 

of hydrogen and nitrogen gas ; but of 
rtain. 

in Argus. — Then; is a nebula (Fig. 

Fig. «;. 
fferent aspect ihey present in telescopes 
render it difficult to prove a change 

Bell Nebula. — This nebula was named 
ape. It is a good illustration of the 
arance of a nebula when viewed with 
powers. Fig. +43 shows it as it ap- 
s telescope, and Fig. 444 as it appears 
own reflector (20). 


1 




Hutitinji-Dogt, is one of llic vnosi rcmorkaljle of its class. 
Fig. 445 shows this nebula as it appeared in Herschel's 
telescope, ami Fig. 446 shows it as it appears in the Par- 
Bonstown reflector. 
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3S2. CoiuUnsation 0/ Nebula. — The appearance of the 




nebula just nienlioned suggesi 
and undergoing ' ' -" ' 



. body rotating on its axis, 



iv a generally rereived theory that neljiiise are the 
t or which stars are formed. According to this 



r 
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heory, tne stars uriginally existed as nebute, and all nebd 
«ill ultimately become condensed into stars. 1 

383. 0//i^-r Spiral Nebula. — Fig. 447 represents a sM 





ASTKONOMV. 387 



nebula of the Great Bear. This nebula seems to have sev- 
eral centres of condensation. Fig, 448 is a view of a spiral 



C^:, i 



nebula In Cepheus, and Ftg. 449 of a singular spiral nebula 
in the Triangle. This also appears to lia\'e several points 




of condensation. Figs. 450 and 451 represent oval and 
elliptical nebulse having a spiral structure. 
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THE MAGELLA^tC CLOUDS. 

384. Situation and General Appearance of the Magel- 
lanic Clouds. — The Magellanic clouds are two nebulous- 
looking bodies near the 
southern pole of the heav- 
ens, as shown in the right- 
hand portion of Fig. 452. 
In the appearance and 
brightness of their light | 
they resemble portions 
the Milky- Way, 

Tlie larger of these | 
clouds is called the Nu- 
becula Major. It is visi- 
ble to the naked eye in 
strong moonlight, and cov- 
ers a space about tivo Fig. 45j. 
hundred limes the surface of the moon. It is shown i 

I Fig. 453. The smaller ] 
cloud is called the Nu- \ 
hecula Minor. 
only about a fourth the | 
I extent of the larger cloud, 
I is considerably less ■ 
I brilliant. It is visible tO' ] 
I the naked eye, but it dis- 1 
I appears in full moonlight, 
I This cloud is shown 

;. 454. The region 
around this cloud is sin- 
gularly bare of stars ; but 
■ magnificent cluster of 
T'oHL-iin, already described (346), is near, and is shown a , 
litfle to the right of the cloud in the figure. 
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385- Stnutitre of the Nubeeulrr.. — Fig. 455 shows the 
structure of these clouds as revealed by a powerful tele- 
scope. The general ground of both consists of large tracts 
and patches of nebulosity in every stage of resoli 
from that which is irresolvable with eighteen inches 
reflecting aperture, up to perfectly separated 
Millcy-Way and clustering groups. There are also nebul 
iu abundance, both regular and irregular, globular clust 




ele- 

I 



in every state of condensation, and objects of a nebulous 
character quite peculiar, and unlike any thing in other 
regions of the heavens. In the area occupied by the 
nubecula major two hundred and seventy-eight nebulse antl 
clusters have been enumerated, besides fifty or sixty outhers, 
which ought certainly to be reckoned as its appendages, 
being about six and a half per square degree ; which very 
far exceeds the average of any other part of the nebulous 
heavens. In the nubecula minor the concentration of sucli_ 
objects is less, though still very striking. The nubeculi 
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then, combine, each within its own area, characters which 
in the rest of the heavens are no less strikingly separated ; 
namely, those of the galactic and the nebular system. 
Globular clusters (except in one region of small extent) and 
nebulae of regular elliptic forms are comparatively rare in 
the Milky- Way, and are found congregated in the greatest 
abundance in a part of the heavens the most remote possi- 
ble from that circle; whereas in the nubeculae they are 
indiscriminately mixed with the general starry ground, and 
with irregular though small nebulae. 

The Nebular Hypothesis. 

386. The Basis of the Nebular Hypothesis, — We have seen 
that the planets all revolve around the sun from west to east 
in nearly the same plane, and that the sun rotates on his axis 
from west to east. The planets, so far as known, rotate on 
their axes from west to east ; and all the moons, except those 
of Uranus and Neptune, revolve around their planets from 
west to east. These common features in the motion of the 
sun, moons, and planets, point to the conclusion that they are 
of a common origin. 

387. Kanfs Hypothesis, — Kant, the celebrated German 
philosopher, seems to have the best right to be regarded as the 
founder of the modern nebular hypothesis. His reasoning has 
been concisely stated thus : " Examining the solar system, we 
find two remarkable features presented to our consideration. 
One is, that six planets and nine satellites [the entire number 
then known] move around the sun in circles, not only in the 
same direction in which the sun himself revolves on his axis, 
but very nearly in the same plane. This common feature of 
the motion of so many bodies could not by any reasonable 
possibility have been a result of chance: we are therefore 
forced to believe that it must be the result of some common 
cause originally acting on all the planets. 

" On the other hand, when we consider the spaces in which 
the planets move, we find them entirely void, or as good as 
void ; for, if there is any matter in them, it is so rare as to be 
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without effect c 
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the plar 



There is, therefore, 
ixisting between the planets 
through which they might have been forced to lake up a 
ti direction of motion. How, then, are we to reconcile 
KJth the absence of all material connec- 
tion ? The most natural way is to suppose that there was once 
some such connection, which brought about the uniformity a 
motion which we observe; that the materials of which 1 
planets are formed once filled the whole space between thed 
There was noformation in this chaos, the formation of s 
i by the mutual gravitation of parts of the i 



parts of I 
lid thus gathtf 
ire matter which tilled the intervening spaces, 
tions thus formed would draw the smaller 
id this process would continue until a few 



being a later ( 
mass would be n- 
around them the i 
The larger collei 

round bodies had taken the place of the original chaot ic 

Kant, however, failed to account satisfactorily for the a 
of the 9un and planets. According to his system, all 't 
bodies formed out of the original nebulous mass should have"" 
been drawn to a common centre so as to form one sun, instead 
of a system of revolving bodies like the solar system. 

388. HerscheVs Hyfiolkesis. — Tlic idea of the gradual trans- 
mutation of nebula: into stars seems to have been suggested 
to Herschel, not by the study of the solar system, but by that 
of the nebuii themselves. Many of these bodies he believed 
to be immense masses of phosphorescent vapor; and he con- 
ceived that these must be gradually condensing, each around 
its own centre, or around the parts where it is most dense, 
until it should become a star, or a cluster of stars. On classi- 
fj-ing the nebulre, it seemed to him that he could see this 
process going on before his eyes. There were the large, faint, 
diffused nebula, in which the condensation had hardly begun; 
the smaller but brighter ones, which had become s 
densed that the central parts would soon begin to form ti 
stars ; yet others, in which stars had actually begun to for 
and, finally, star-clusters in which the condensation v 
plete. The spectroscopic revelations of the gaseous n 
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the true nebuls lend to confirm the theory of Herschcl, that i 
these masses will all, at some time, condense into stars. I 

389. Laplace's Hypothesis. — Laplace was led to the nebular J 
hypothesis by considering the remarkable uniformity in the 
direction of the rotation of the planets. Believing that this 
could not have been the result of chance, he sought to invest!- - 
gate its cause. This, he thought, could be nothing else than 
the atmosphere of the sun, which once extended so far out as 
to fill all the space now occupied by the planets. He begins 
with the sun, surrounded by this immense fiery .itmosphere. 
Since the sum total of rotary motion now seen in the planetary 
system must have been there from the beginning, he conceives 
the immense vaporous mass forming the sun and his atmos- 
phere to have had a slow rotation on its axis. As the intensely 
hot mass gradually cooled, it would contract towards the centre. 
As it contracted, its velocity of rotation would, by the laws of 
mechanics, constantly increase; so that a time would arrive, 
when, at the outer boundary of the mass, the centrifugal force 
due to the rotation would counterbalance the attractive force 
of (he central mass. Then those outer portions would be left 
behind as a revolving ring, while the next inner portions would 
continue to contract until the centrifugal and attractive forces 
were again balanced, when a second ring would be left behind ; 
and so on. Thus, instead of a continuous atmosphere, the sun 
would be surrounded by a series of concentric revolving rings 
of vapor. As these rings cooled, their denser materials would 
condense first; and thus the ring would be composed of a 
mixed mass, partly solid and partly vaporous, the quantity of 
solid matter constantly increasing, and that of vapor diminish- 
ing. If the ring were perfectly uniform, this condensation 
would take place equally all around it, and the ring would thiM 
be broken up into a group of small planets, like the asteroids. 
But if, as would more likely be the case, some portions of the ' 
ring were much denser than others, the denser portions would 
gradually attract the rarer portions, until, instead of a ring, 
there would be a single mass composed of a nearly solid 
centre, surrounded by an immense atmosphere of fiery vapor. 
This condensation of the ring of vapor around a single point ' 
would not change the amount of rotary motion that had existed ' 
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in the ring. The planet with its atmosphere would there- 
fore be in rotation ; and would be, on a smaller scale, like the 
original solar mass surrounded by its atmosphere. In the 
same way that the latter formed itself first into rings, which 
afterwards condensed into planets, so the planetary atmos- 
pheres, if sufficiently extensive, would form themselves into 
rings, which would condense into satellites. In the case of 
Saturn, however, one of the rings was so uniform throughout, 
that there was no denser portion to attract the rest around it; 
and IhuK the ring of Saturn retained its annular form. 




Such is the celebrated nebula 
starts, not with a purely nebulous 
rounded by an immense atmosph* 
were formed hy gradual conder 
the condensing mass according to 



hypothesis of Laplace. It 
nass, but with the sun, sur- 
;. out of which the planets 
ilion. Fig. 456 represents 



390. The Modern Nebular Hypothish. — According to the 
nebular hypothesis as held at the present time, the sun, plan- 
ets, and meteoroids originated from a purely nebulous mass. 
This nebula first condensed into a nebulous star, the star being 
the sun, and its surrounding nebulosity being the liery atmoa- 
pliere of I.aplace. The original nebula must have been ] 
into rotation at the beginning. As it contracted and beca 
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condensed through the loss of heat by radiation into space, 
and under the combined attraction of gravity, cohesion, and 
affinity, its speed of rotation increased; and the nebulous 
envelop became, by the centrifugal force, flattened into a thin 
disk, which finally broke up into rings, out of which were 
formed the planets and their moons. According to Laplace, 
the rings which were condensed into the planets were thrown 
off in succession from the equatorial region of the condensing 
nebula; and so the outer planets would be the older. Accord- 
ing to the more modern idea, the nebulous mass was first flat- 
tened into a disk, and subsequently broken up into rings, in 
such a way that there would be no marked difference in the 
ages of the planets. The sun represents the central portion 
of the original nebula, and the comets and meteoroids its out- 
lying portion. At the sun the condensation is still going on, 
and the meteoroids appear to be still gradually drawn in to 
the sun and planets. 

The whole store of energy with which the original solar 
nebula was endowed existed in it in the potential form. By 
the condensation and contraction this energy was gradually 
transformed into the kinetic energy of molar motion and of 
heat; and the heat became gradually dissipated by radiation 
into space. This transformation of potential energy into heat 
is still going on at the sun, the centre of the condensing mass, 
by the condensation of the sun itself, and by the impact of 
meteors as they fall into it. 

It has been calculated, that, by the shrinking of the sun to 
the density of the earth, the transformation of potential energy 
into heat would generate enough heat to maintain the sun's 
supply, at the present rate of dissipation, for seventeen million 
years. A shrinkage of the sun which would generate all the 
heat he has poured into space since the invention of the tele- 
scope could not be deteclicJ by the most powerful instruments 
yet constructed. 

The least velocity with which a meteoroid could strike the 
sun would be two hundred and- eighty miles a second ; and 
it is easy to calculate how much heat would be generated 
by the collision. It has been shown, that, were enough meteo- 
roids to fall into the sun to develop its heat, they would not 
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ncrease his mass appreciably during a period of two tfiousaiu 

'ears. 

The sun's beat is undoubtedly developed by contraction anc 
he fall of meteoroids ; that is to say, by the transformation of 
he potenlial energy of the original nebula into heat 

It must be borne in mind that the nebular hypothesis is sim 
ply a supposition as to the way in which the present solar 
ystem may have been developed from a nebula endowed with 
k motion of rotation and with certain tendencies to condensa 
don. Of course nothing could have been developed out of 
he nebula, the germs of which had not been originally im- 
planted in it by the Creator. 

IV. THE STRUCTURE OF THE STELLAR 

UNIVERSE. 

391. Sir William Herschd's F/ra/. — Sir WiUiam Hersche 
assumed that the stars are distributed with tolerable uniformity 
hroughout the space occupied by <mr slellar system. He 

accounted for the increase in tlie number of stars in the fil| 
of view as he approached the plane of ihe Milky-Way, nS 
by the supposition that the stars are really closer together in 
and about this plane, but by the supposition that our stellai 
system is in the form of a flat disk cloven at one side, anc 
with our sun near its centre. A section of this disk is showi 
m Fig. 457. 


1 
1 

1 
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An observer near S, with his telescope pointed in the direc- 
tion of Si, would see comparatively few stars within the field 
of view, because looking through a coraparatively thin stratum 
of stars. With his telescope pointed in the direction Sa, he 
would see many more stars within his field of view, even though 
the stars were really no nearer together, because he would be 
looking through a thicker stratum of stars. As he directed 
his telescope more and more nearly in the direclion S/l he 
would be looking through a thicker and thicker stratum of 
stars, and hence he would see a greater and greater number of 
them in the field of view, though they were everywhere in the 
disk distributed at uniform distances. He assumed, also, that 
the stars are all tolerably 
uniform in she, and that 
certain stars appear small- 
er than others, only be- 
cause they arc farther off. 
He supposed the faint 
stars of the Milky-Way 
to be merely the most dis- 
tant stars of the stellar | 
disk ; that they are really 
as large as the other 
stars, but appear small 
owing to their great d 
lance. The disk was ; 
sumed to be cloven on ^'s- *i^- 

one side, to account for the division of the Milkj-Waj through 
nearly half of its course. This theory of the structure of the 
stellar universe is often referred to as the cloven disk theory. 

392. Ths Cloven Ring T/ieory. — According lo Miidler, the 
stars of the Milky-Way are entirely separated from the other 1 
stars of our system, belonging to an outlying ring, or system 
oi rings. To account for the division of the Mi Iky- Way, the 
ring is supposed lo be cloven on one side : hence this theory 
is often referred to as (he cloven ring theory. According lo 
this hypothesis, the stellar system viewed from without would 
present an appearance somewhat like that in Fig. 458. 
oudying ring cloven on one side would represent the stars 
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of llie Milky-Way; and the luminous mass at the centre, the 
remaining stars of the system. 

393. P>ocior's Vie-w. — According to Proctor, the Milky- 
Way is composed of an irregular spiral stream of minute stars 
lying in and among the brger stars of our system, as repre- 
sented in Fig. 459. The spiral stream is shown in the inner 




circle as it really exi 
circle as it is seen projected upon the sky. According to this 
view, the stars of the Milky-Way appear faint, not because 
they are distant. Iiut because they are really small. 

394. Newcomb's Vievi. — According to Newcomb, the stars 
of our system are all situated in a comparatively thin zone 
lying [n the plane of the Milky-Way, while there is a ione 
of nebula! lying on each side of the stelbr lone. He believes 
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that SO much is certain u'illi referenc 
stellar universe ; but he considers that w 




tively ignorant of the internal stniclure of either the 
or ihe nebular zones. The structure of the sle 
according to this view, is shown in Fig. 460, 
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Aberration of light, 38. 

Aerolites, 304. 

Aldebaran, star in Taurus, 340, 342. 

Algol, a variable star, 343, 358. 

Almanac, perpetual, 82. 

Alps, lunar mountains, 126. 

Altair, star in Aquila, 336. 

Alt-azimuth instrument, 13. 

Altitude, 12. 

Andromeda (constellation), 343, 346. 

nebula in, 376. 
Angstrom's map of spectrum, 164. 
Antares, star in Scorpio, 347. 
Apennines, lunar mountains, 122, 124. 
Aphelion, 47. 
Apogee, 44. 
Aquarius, or the Water-Bearer, 350. 

cluster in, 354. 
Aquila, or the Eagle, 336. 
Arcturus, star in Bootes, 335, 365, 370. 
Argo, or the Ship, 360, 

nebula in, 383. 

variable star m, 360, 
Aries, or the Ram, 350. 
Asteroids, 223, 241. 
Astraea, an asteroid, 241. 
Auriga, or the Wagoner, 342. 
Azimuth, 13. 
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Betelgeuse, star in Orion, 340, 370. 
Berenice's Hair (constellation) , 334. 
Bode's law, 241. 

disproved, 273. 
Bootes (constellation), 334, 335. 



c. 



Calendar, the, 80. 

Callisto, moon of Jupiter, 250. 

Cancer, or the Crab, 350. 

tropic of, 61. 
Canes Venatici, or the Hunting-Dogs, 
334. 



Canes Venatici, nebula in, 384. 
Canis Major, or the Great Dog, 342. 
Canis Minor, or the Little Dog, 340. 
Capella, star in Auriga, 340, 343. 
Capricorn, tropic of, 61. 
Capricornus, or the Goat, 350. 
Cassiopeia (constellation), 332. 

new star in, 362. 
Castor, star in Gemini, 340, 370, 
Caucasus, a lunar range, 124. 
Centaurus, star-cluster in, 355. 
Cepheus (constellation), 334. 

nebula in, 387. 
Ceres, the planet, 241. 
Cetus, or the Whale, 346. 

variable star in, 359. 
Charles's Wain, 330. 
Circles, great, 4. 

diurnal, 8. 

hour, 16. 

small, 4. 

vertical, 12. 
Clock, astronomical, 18. 

time, 78. 
Coma Berenices, or Berenice's Hair. ^^a. 
Comet, Biela's, 293. ' ^^^ 

and earth, collision of, 316. 

Coggia's, 297. 

Donati's, 296. 

Encke's, 293. 

Halley's, 291. 

of 1680, 290. 
T)f 181 1, 290. 

of 1843, 295. 

of 1861, 297. 

of June, 1881, 300. 
Comets, appearance of, 274. 

and meteors, 313, 

bright, 274. 

chemical constitution of, 318. 

development of, 277. 

number of, 288. 

orbits of, 28a. 

origin of, 287. 

periodic, 286. 

physical constitution of, 3x4. 

tails of, 279. 

telescopic, 275, 281. 

visibility of, 281. 
Conic sections, 48. 
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Conjunction, 91. 

inferior, 130. 

supc.ior, 130, 136. 
Constellations, 325. 

zodiacal, 32. 
Copemican system, the, 44, 53. 
Copernicus, a lunar crater, 120, 129. 
Conona Borealis, or the Northern Crown, 

Corona Borealis, new star in, 363. 
Corvus, or the Crow, 339. 
Crystalline spheres, 41. 
Cycles and epicycles, 42. 
Cygnus, or the Swan, 338. 



D. 

Day and night, 57. 

civil, 77. 

lunar, 108. 

sidereal, 74. 

solar, 74. 
Declination, 16. 
Deimos, satellite of Mars, 239. 
Delphinus, or the Dolphin, 338. 
Deneb, star in Cygnus, 338, 370. 
Dione, satellite of Saturn, 259. 
Dipper, the Great, 330, 366, 369, 370. 
the Little, 331. 
the Milk, 347. 
Dissociation, 163. 
Dominical I-^tter, the, 81. 
Draco, or the Dragon, 331. 



E. 

Earth, density of, 85. 

flattened at poles, 55. 
form of, 53. 
in space, 56. 
seen from moon, 109. 
size of, 55. 
weight of, 83. 
Eccentric, the 43. 
Eccentricity, 46. 
Eclipses, 210. 

annular, 219. 
lunar, 210, 214. 
solar, 216. 
Ecliptic, the, 27. 

obliquity of, 28. 
Ellipse, the 45, 49. 
Elongation, of planet, 130. 
EnceTadus, moon of Saturn, 259. 
Epicycles, 42. 
Epicycloid, 107. 

Epsilon Lyrae, a double star, 356. 
Exjualor, the celestial, 7. 
F^iuinoctial, the, 7. 

col u re, 16. 
elevation of, 9. 
K/Quinox, autumnal, 29. 
vernal, 16, 29. 
Equinoxes, precession of, 31, 85. 
Eta Argus, a variable star, 360, 383. 
Kuropa, moon of Jupiter, 250. 



F. 



Faculae, solar, 177. 

Fomalhaut, star in Southern Fish, 350. 

Fraunhofer's lines, 164, 371. 



G. 

Galaxy, the, 326. 
Ganymede, moon of Jupiter, 250. 
Gemini, or the Twins, 340. 
Georgium Sidus, 271. 



H. 

Hercules (constellation), 336. 
cluster in, 353. 
orbit of double star in, 357. 
solar system moving towards, 

367- 
Herschel, the planet (see Uranus). 
Herschel's hypothesis, 392, 396. 
Horizon, the, 5. 
Hyades, the, 342, 350. 
Hydra, or the Water-Snake, 340. 
Hyperbola, the, 49. 
Hyperion, moon of Saturn, 259. 



I. 

lo, moon of Jupiter, 250. 
Irradiation, 90, 113. 



J- 

Japetus, moon of Saturn, 259. 
Job's Coffin (asterism), 338. 
Juno, the planet, 241. 
Jupiter; apparent size of, 245. 

distance of, 245. 

great red spot of, 249. 

orbit of, 244. 

p)eriods of, 246. 

physical constitution of, 246. 

rotation of, 248. 

satellites of, 250. 

eclipses of, 252. 
transits of, 254. 

volume of, 245. 

without satellites, 255. 



K. 

Kant's hypothesis, 391. 
Kepler, a lunar crater, 129. 
Kepler's system, 44. 

laws, 46. 

star, 362. 
KirchhofT's map of spectrum, 164. 
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Laplace's hypothesis, 392. 
Latitude, celestial, 30. 
Leap year, 81. 
Leo, or the Lion, 334. 
Leonids (meteors), 312. 
Libra, or the Balances, 347. 
Lib ration, 102. 
Longitude, celestial, 30. 
Lyra, or the Lyre, 338. 
double star in, 356. 



M. 



Magellanic clouds, the, 389. 
Magnetic storms, 190. 
Magnetism and sun-spots, 190. 
Mars, apparent size of, 236. 
brilliancy of, 237. 
distance of, 235. 
orbit of, 235. 
periods of, 237. 
rotation of, 239. 
satellites of, 239. 
volume of, 236. 
Mercury, apparent size of, 226. 
atmosphere of, 228. 
distance of, 225. 
elongation of, 227. 
orbit of, 225. 
periods of, 227. 
volume of, 226. 
Meridian, the, 12. 
Meridian circle, 17. 
Meridians, celestial, 31. 
Meteoric iron, 305, 307. 
showers, 310. 
stones, 305. 
Meteors, 300. 

August, 311. 
light of, 309. 
November, 312. 
sporadic, 310. 
Meteoroids, 308. 
Micrometers, 20, 153. 
Milky-Way, the, 326. 
Mimas, moon of Saturn, 259. 
Mira, a variable star, 359. 
Moon, apparent size of, 87, 89. 
aspects of, 91. 
atmosphere of, 109. 
chasms in, 123. 
craters in, 119. 
day of, 108. 
distance of, 86. 
eclipses of, 210. 
form of orbit, 97. 
harvest, loi. 
hunter's, 102. 
inclination of orbit, 97. 
kept in her path by gravity, 51. 
librations of, 102. 
mass of, 90. 

meridian altitude of, 98. 
mountains of, 116. 



Moon, orbital motion of, 91. 
phases of, 93. 
real size of, 88. 
rising of, 99. 
rotation of, 102. 
sidereal period of, 92. 
surface of, 115. 
synodical period of, 92. 
terminator of, 115. 
wet and dry, 98. 

N. 

Nadir, the, 6. 

Neap-tides, 72. 

Nebula, in Andromeda, 376. 

crab, 376. 

dumb-bell, 383. 

in Argus, 383. 

in Canes Venatici, 384. 

in Cepheus, 387. 

in Orion, 378. 

in the Triangle, 387. 

in Ursa Major, 386. 
Nebulae, 281, ^30, 373. 

annular, 373. 

circular, 373. 

condensation of, 385. 

double, 375. 

elliptical, 373. 

irregular, 376. 

multiple, 375. 

spiral 373, 384. 
Nebular hypothesis, the, 391. 
Neptune, discovery of, 271. 

orbit of, 271 

satel 
New style, 80. 



satellite of, 274 



271 

of. 



— J — y . 

Newcomb's theory of the stellar universe, 

XT 398. 

Newton's system, 48. 
Nodes, 97. 
Nubecula, Major, 389. 

Minor, 389. 
Nutation, 34, 



o. 

Olbers's hypothesis, 241. 

Old style, 80. 

Ophiuchus (constellation), 347. 

new star in, 362. 
Opposition, 91, 136. 
Onon, 341. 

nebula in, 378. 

the trapezium of, 356. 



P. 

Pallas, the planet, 241. 
Parabola, the, 49. 
Parallax, 37. 

Pegasus (constellation), 343, 346. 
triple star in, 356. 
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Perigee, 44- 
Perineuon, 47. 
Perseids (meteors), 3x1. 
Persetts (constellation), 346. 

cluster in, 353. 
Phobos, satellite of ^lars, 239. 
I^co, a lunar mountain, 127. 
ViaccSf or the Fishes, 150. 
I^scis Australis, or the Southern Fish, 

«. 350. 
Planets, 39. 

mferior, 130. 

periods of, 1 32. 
phases of, 132. 
inner group of, 221. 
intra-Mercurial, 230. 
minor, 223. 

outer group of, 222, 244. 
superior, 134. 

motion of, 134. 
I>eriods of, 137. 
phases of, 137. 
three groups of, 221. 
Pleiades, the, 328, 342, 351. 
Pointers, the, 330. 
Polar distance, 16. 
Pole Star, the, 7, 330, 365. 
Poles, celestial, 7, 9. 
Pollux, star in Gemini, 340, 370. 
Pra;sepc, or the Beehive, 350. 
Precession of equinoxes, 31, 85. 
Prime vertical, the, 12. 
Proctor's theory of the stellar universe, 

398. 
Procyon, star in Canis Minor, 340. 
Ptolemaic system, the, 41. 



Q- 

Quadrature, 91, 137. 
R. 

Radiant point (meteors), 310. 
Radius vector, 47. 
Refraction, 35. 

Regulus, star in T^o, 334, 370. 
Rhea, moon of Saturn, 239. 
Rigel, star in Orion, 340, 370. 
Right ascension, 16. 

s. 

Sagittarius, or the Archer, 347, 
Saturn, apparent size of, 256. 
distance of, 256. 
orbit of, 255. 
periods of, 256, 
physical constitution of, 257. 
ring of, 261. 

changes in, 268. 
constitution of, 269. 
phases of, 263. 



Saturn, rotation of, 258. 

satellites of, 259. 

volume of, 256. 
Scorpio, or the Scorpion, 347. 

duster in, 353. 
Seasons, the, 64. 
Sirius, the Dog-Star, 340, 342, 365, 370, 

Solar system, the, 41. 
Solstices, 29, 59, 60. 
Sound, effect of motion on, 168. 
Spectra, bright-lined, 158. 

comparison of, 154. 
continuous, 158. 
displacement of lines in, 171. 
of comets, 318. 
reversed, 161. 
sun-spot, 193. 
types of stellar, 371. 
Spectroscope, the, 152. 

diffraction, 157. 
direct-vision, 155. 
dispersion, 152. 
Spectrum analysis, 159. 

solar, 164. 
Sphere, defined, 3. 

the celestial, 5. 

rotation of, 7. 
Spring-tides, 72. 
Stars, circumpolar, 7. 

clusters of, 328, 350. 
color of, 357. 
constellations of, 325. 
constitution of, 371. 
distance of, 364. 
double, 355. 
drift of, 368. 
four sets of, 10. 
magnitude of, 322. 
motion of, in line of sight, 369. 
multiple, 356. 
names of, 325. 
nebulous, 373. 
new, 361. 
number of, 323. 
parallax of, 364. 
proper motion of, 365. 
secular displacement of, 366. 
temporary, 361. 
variable, 358. 
Sun, atmosphere of, 149. 
brightness of, 151. 
chemical constitution of, 164. 
chromosphere of, 149, 196. 
corona of, 149, 196, 204. 
distance of, 142. 
faculae of, 177. 
heat radiated by, 150. 
inclination of axis of, 187. 
mass of, 140. 

motion of, among the stars, 26. 
at surface of, 168. 
in atmosphere of, 172. 
secular, 366. 
photosphere of, 149, 175. 
prominences of, 149, 197. 
rotation of, 186. 
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Sun, spectrum of, 164, 171. 
temperature of, 149. 
volume of, 140. 
winds on, 174. 
Sun-spots, 179. 

and magnetism, 190. 

birth and decay of, 185. 

cause of, 194. 

cyclonic motion in, 182. 

distribution of, 188. 

duration of, 181. 

groups of, 181. 

periodicity of, 189. 

proper motion of, 187. 

size of, 181. 

spectrum of, 193. 



T. 

Taurus, or the Bull, 342. 

• quadruple star in, 356. 
Telescope, Cassegrainian, 23. 

equatorial, 19. 

front- view, 22. 

Gregorian, 23. 

Hcrschelian, 22. 

Lord Rosse's, 25. 

Melbourne, 25. 

Newall, 20. 

Newtonian, 22. 

Paris, 26. 

reflecting, 21. 

Washington, 20. 

Vienna, 20. 
Telespectroscope, the, 155. 
Telluric lines of spectrum, 165. 
Tethys, moon of Saturn, 259. 
Tides, 67. 
Time, clock, 78. 

sun, 78. 
Titan, moon of Saturn, 259, 261. 
Toucan, star cluster in, 354, 389. 
Transit instrument, 17. 
Transits of Venus, 143. 
Triesneker, lunar formation, 123. 
Tropics, 61. 
Twilight, 62. 
Tycho Brahe's star, 361. 

system, 44. 
Tycho, a lunar crater, 129. 



u. 

Universe, structure of the stellar, 396. 
Uranus, discovery of, 271. 

name of, 270. 

orbit of, 269. 

satellites of, 271. 
Ursa Major, or the Great Bear, 330. 

nebula in, 386. 
Ursa Minor, or the Little Bear, 330. 



V. 

Vega, star in Lyra, 336, 365, 370. 
Venus, apparent size of, 231. 

atmosphere of, 234. 

brilliancy of, 232. 

distance of, 231. 

elongation of, 231. 

orbit of, 230, 

periods of, 232. 

volume of, 231. 

transits ot, 145, 234. 
Vernier, the, 15. 
Virgo, or the Virgin, 338. 
Vesta, the planet, 241. 
Vulcan, the planet, 230. 



Y. 

Year, the, 78. 

anomalistic, 79. 
Julian, 80. 
sidereal, 79. 
tropical, 79. 



z. 

Zenith, the, 6. 

distance, 12. 
Zodiac, the, 32. 
Zodiacal constellations, 32. 

light, 318. 
Zones, 61. 



